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SECTION  I 


INTRODUCTION 

The  performance  of  the  Global  Positioning  System  (GPS)  receiver  may  be 
greatly  improved  by  incorporation  of  L-Band  Surface  Acoustic  Wave  (SAW) 
filters.  The  RF  front  end  of  the  GPS  system  is  shown  in  Figure  1.  Microwave 
power  incident  on  the  GPS  antenna  is  amplified  and  diplexed.  Signals  from  the 
satellite  transmitter  are  fed  through  the  two  SAW  filters  where  unwanted  signals 
are  filtered  out.  One  frequency  or  the  other  is  selected  by  a  PIN  diode  switch 
that  has  -50  dB  isolation.  The  SAW  filter  must  operate  at  L-Band  frequencies, 
have  low  insertion  loss,  excellent  phase  linearity,  and  good  out  of  frequency 
band  rejection.  Actual  specifications  for  the  filters  are  given  in  the  next 
section. 

Low  frequency,  low-loss  SAW  filters  in  the  30  to  440  MHz  frequency  range 
are  highly  developed  and  insertion  loss  as  low  as  2  dB  with  -50  dB  sidelobes 
have  been  reported. *  Greater  than  45  dB  triple  transit  suppression  is  easily 
achievable  and  these  low  frequency  SAW  devices  are  being  produced  regularly. 

The  440  MHz  upper  limit  to  the  three-phase  undirectional  transducer  is  a 
result  of  the  limitations  of  the  fabrication  process  of  the  undirectional  trans¬ 
ducer  utilizing  gold  crossovers.  (See  Reference  1,  page  352,  paragraph  3). 

Three  masks  are  required  to  fabricate  the  transducer  (See  Section  V  B)  and 
there  is  a  critical  alignment  of  the  via  hole  mask  to  the  electrode  mask.  As 
the  via  hole  becomes  smaller  with  the  increasing  passband  frequency  of  the 
transducer  the  mask  alignment  becomes  impossible  above  440  MHz. 

The  group  type  unidirectional  transducer^  also  requires  three  masks  in  the 
fabrication  process,  but  because  the  electrodes  are  arranged  in  groups,  the  via 


Figure  1.  RF  Front  End  of  the  GPS  Receiver. 


5  A — H 


—  GROUP  2 


Figure  2.  Group-Type  Unidirectional  Transducer  with  Crossovers 
on  Both  Sides. 
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holes  remain  large  and  the  mask  alignment  for  the  three  levels  is  relatively 


straighforward. 

Group-type  unidirectional  transducers  were  first  described  by  Yamamouchi.^ 
These  early  group  structures  utilized  a  meandering  group  line  for  single  level 
construction  and  loss  as  low  as  1.0  dB  was  achieved  at  100  MHz.  However,  at 
1  to  2  GHz  on  ST-Quartz  a  meandering  ground  line  would  increase  the  parasitic 
losses  significantly  making  the  gold  crossover  technique  attractive  for  reducing 
insertion  loss. 


t 
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SECTION  II 


PROGRAM  OBJECTIVES 

The  objective  of  this  program  was  to  produce  L-Band  SAW  filters  that  would 
neet  the  requirements  of  the  GPS  Manpack  program.  Specific  electrical  require¬ 
ments  for  the  filters  are  listed  in  Table  I.  The  center  frequencies  shown  are 
still  firm  requirements.  However,  the  3  dB  bandwidth  was  reduced  to  15  MHz. 

The  midband  insertion  loss  requirement  has  been  changed  to  12  dB  and  the 
frequency  sidelobe  specification  remains  at  -50  dB.  The  passband  amplitude 
ripple  of  less  than  1  dB  is  well  within  the  capability  of  present  low-loss 
SAW  filters.  None  of  the  other  specifications  have  changed.  Lithium  niobate 
devices  were  to  be  studied  because  of  their  low  insertion  loss  capability, 
hut  because  of  temperature  and  phase  problems,  they  are  not  realistic  candi¬ 
dates  for  the  GPS  receiver.  Group-type  unidirectional  SAW  filters  have  been 
chosen  as  the  approach  to  perform  the  filter  function  and  meet  the  system 
requirements.  These  type  devices  will  be  studied  in  the  main  body  of  this 
report. 
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TABLE  1 


L-BAND  SAW  FILTER  SPECIFICATIONS 


Lithium  Niobate 
Device 

Quartz 

Device 

Center  Frequency , GHz 

1.2276,  1.57542 

1.2276,  1.57542 

Bandwidth  (3dB) 

23MHz 

18MHz 

Midband  Insertion  Loss 

<  3dB 

<  5dB 

Rejection  (Out-of-Band) 

>  50dB 

>50dB 

Passband  Amplitude  Ripple 

<  1 .OdB 

<  1 .OdB 

Passband  Phase  Ripple 

<  +7.50° 

<  +7.  50° 

Shape  Factor  f(50dB) 
f (3dB) 

<  3:1 

<  3:1 

VSWR  ( Input  &  Output) 
for  50  Ohm  system 

<  2.0:1 

-  2.0:1 

Operating  Temperature  Range 

-54°C  to  +85°C 

-54°C  to  +85°l 

-5- 


SECTION  III 


L-BAND  GROUP  TYPE  SAW  FILTER  THEORY 
A.  INSERTION  LOSS  IN  L-BAND  SAW  FILTERS 

Insertion  loss  is  of  prime  importance  for  any  filter  that  is  employed  in 
the  front  end  of  a  receiver.  SAW  filters  are  typical  high  for  insertion  loss 
device  and  the  problem  is  even  more  severe  at  L-Band  frequencies  where  substrate 
attenuation  can  be  significant.  Before  the  insertion  loss  contributions  can  be 
calculated,  the  length  of  each  transducer  must  be  known.  From  Hartmann, 3 

T  =  ( • 7  3/B)  log  R2,  (1) 

where  “f*  =  transducer  length  in  microseconds, 

B  =  transition  bandwidth  (-1.5  dB  to  -2.5  dB),  and 
R2  *  sidelobe  level. 

If  B  is  16.0  MHz  and  R2  is  -30  dB  then  the  transducer  is  .07  microseconds  long. 

1.  Propagation  Loss 

The  transducers  must  be  placed  at  least  .05  cm  apart  to  keep  RF  feed¬ 
through  down  to  a  reasonable  level  if  the  crystals  used  are  .025  cm  thick. 

The  propagation  path  is  then  .074  cm  or  .234  microseconds.  According  to 
Slobodnik^ , if  the  material  Is  ST  cut  quartz, the  surface  attenuation  in  a  vacuum 
varies  with  the  square  of  frequency  and  is  2.62  dB/microsecond  at  1  GHz  and 
6.6  dB/microseconds  at  1.57542  GHz.  Propagation  loss  in  a  vacuum  is  then  1.5  dB. 
If  the  device  is  sealed  in  air  an  additional  .71  dB/microsecond  for  air  loading 
loss  will  result. 

2.  Diffraction  Loss 

Each  transducer  will  be  111  wavelengths  long.  As  the  beamwidth  of  the 
transducer  is  widened  diffraction  loss  goes  down  and  the  parasitic  finger 
resistance  goes  up.  To  find  the  point  of  minimum  loss,  diffraction  loss 
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has  been  traded  off  against  parasitic  finger  resistance  loss.  The  minimum  loss 
point  is  at  about  a  50  wavelength  beamwidth.  Diffraction  loss  at  50  wavelengths 
is  approximately  .75  dB. 

3.  Parasitic  Finger  Resistance  Loss 

To  keep  mass  loading  from  causing  finger  distortion,  the  metal 
thickness  has  been  assumed  to  be  500  angstroms.  Finger  resistance  is  then  .9 
ohm  per  square.  For  a  50  wavelength  wide  device  the  radiation  resistance  is 
1922  ohm  and  the  parallel  capactive  reactance  is  270  ohm.  The  series  resistance 
of  each  transducer  is  then  37  ohm.  Parasitic  finger  resistance  is  1.08  ohm 
per  transducer  and  the  insertion  loss  per  transducer  is  .25  dB  for  a  total  of 
.5  dB  for  the  filter. 

4 .  Package  Parasitics  and  Matching  Component  Loss 

Losses  due  to  package  parasitics  can  be  significant  especially  if  the 
parasitic  capacitance  is  comparable  to  the  finger  capacitance.  The  capacitors 
used  for  matching  should  be  high  Q  chip  types  and  the  inductors  air  wound  for 
high  Q.  The  Q  of  these  components  will  directly  influence  insertion  loss.  The 
Q  that  may  be  achieved  at  L-Band  for  air  wound  inductors  is  on  the  order  of  10 
to  50  depending  on  the  size  of  the  inductor. 

5.  Total  Insertion  Loss 

The  total  insertion  loss  predicted  by  the  preceding  calculations 
is  shown  in  Table  2  as  4.45  dB.  This  is  less  than  the  5.0  dB  in  the  specification 
of  Table  1.  However,  it  is  possible  to  reduce  the  loss  even  further  by  1)  moving 
the  transducers  closer  together,  and  2)  Increasing  the  metal  thickness  to  1000 
angstroms.  The  first  possibility  would  increase  RF  feedthrough,  however,  it  is 
possible  that  shielding  could  solve  this  problem.  The  second  would  cause  mass 
loading  reflections  and  loss  but  it  is  not  known  how  much  distortion  would  be 
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TABLE  2 


LOSS  CONTRIBUTIONS  L-BAND  FILERS 


Propagation  Loss 

2.2dB 

Diffraction  Loss 

.  7  5dB 

Parasitic  Finger 

Resistance 

.  5dB 

Matching  Network 

Loss 

l.OdB 

TOTAL 

4.  A5dB 

B.  GROUP  TYPE  UNIDIRECTIONAL  TRANSDUCER  THEORY 

The  configuration  is  essentially  two  bi-directional  transducers  placed 
90  degrees  out  of  phase  (acoustically)  on  the  substrate.  The  transducer  frequency 
response  will  be  the  same  as  one  of  those  bi-directional  transducers.  However, 
the  insertion  loss  will  be  low  due  to  the  power  from  the  two  bi-directional 
transducers  adding  in  phase  in  one  direction  and  cancelling  in  the  other. 

The  transducer  design  approach  is  shown  in  Figure  2.  The  electrodes  are 
arranged  in  packets  and  several  packets  make  up  one  group.  In  order  to  balance 
parasitics  in  the  transducer  each  packet  is  connected  to  bonding  pads  after  going 
under  an  air  gap  crossover.  These  crossovers  are  on  both  sides  of  the  transducer 
and  balance  parasitics  between  the  two  groups  because  they  experience  the  same 
crossover  capacitance  and  electrode  resistance. 

The  devices  are  fabricated  by  visual  alignment  of  three  photo-masks.  One 
contact  pad  per  wavelength  at  L-Band  frequencies  would  make  visual  alignment 
of  masks  impossible.  However,  four  or  five  wavelengths  per  contact  pad  as 
shown  will  result  in  an  adequate  pad  size. 

As  shown  in  Figure  2,  the  fingers  of  each  transducer  will  be  placed  in 
"packets"  of  2  to  5  wavelengths  each  with  every  other  packet  90  degrees  or  1/A 
wavelength  out  of  phase  acoustically  with  its  neighbor.  With  a  +90°  electrical 
phase  shift  of  Group  1  from  Group  2,  then  a  wave  travelling  in  the  direction  of 
propagation  will  add  in  phase  with  its  neighbor.  A  wave  going  the  opposite  direction 
will  then  be  180  degrees  out  of  phase  with  its  neghbors  and  cancellation  will  occur. 

1.  Unweighted  Transducer  Theory 

The  Fourier  series  for  the  group  type  unidirectional  transducer  is  given 
in  reference  2.  When  matched,  the  group-type  unidirectional  will  have  a 
large  forward  wave  and  a  small  backward  wave.  The  expression  for  the  frequency 
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response  of  an  unweighted  filter  Is  given  by: 

FfW-)»  |  3  (s*  + 

where  ^  for  the  backward  wave  Is  180  degrees  out  of  phase  from  the  forward 
wave. 

Sax  =  slnx/x 

LO  =  2lTf  where  f  is  frequency,  MHz 

'V  =  wavelengths  in  1/2  of  a  group,  microsecond 
T  =  wavelengths  in  one  group 

f  =  frequency,  MHz;  f0  *  device  center  frequency 

W  =  2fT/T,  rad/sec 

/$  =  overall  transducer  length,  microsecond 

Figure  3  shows  the  square  wave  modulation  of  one  group  of  the  group-type 
unidirectional  transducer.  The  overall  length  of  the  transducer,  I  0,  influences 
the  main  response.  The  period  of  the  transducer,  T,  determines  how  close  to  the 
main  lobe  the  spurious  lobes  will  be.  The  time  length,  /  ,  of  each  group  of 
fingers  affects  the  roll-off  of  the  spurious  lobes  with  respect  to  the  main 
lobe. 

The  sidelobe  locations  are  given  by: 


f fo _ 

(  1  +  1/N  ) 

where 

f0  *  center  frequency  main  lobe,  MHz, 
f]^  =  spurious  lobe  frequency,  MHz, 

N  »  number  of  electrodes  in  a  group. 

fl/f0  will  be  .8  for  4  electrodes  per  group.  Since  the  spurious  lobes  will 

be  equally  spaced  in  frequency  on  either  side  of  the  main  lobe,  there  will 

also  be  a  spurious  lobe  on  the  high  frequency  side  at  f ^ / f 0  “ 
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Theoretical  Results 


3  • 

The  above  expressions  have  been  programmed  into  our  HP  9825  computing  system 
and  some  theoretical  results  have  been  obtained.  Figure  4  is  a  theoretical  freq¬ 
uency  response  of  a  250  MHz  prototype  device.  The  program  thus  far  only  uses  the 
above  equations  and  no  equivalent  circuit  model  has  been  used  to  show  rejection 
of  the  spurious  sidelobes.  The  response  of  Figure  4  is  for  both  transducers. 

Note  that  the  first  spurious  sidelobes  are  at  200  and  300  MHz.  By  equation  2 
this  would  correspond  to  4  electrodes  per  group  or  two  active  and  2  grounded 
electrodes  per  group. 

Another  way  to  find  the  frequency  response  of  a  transducer  is  to  perform  a 
Fast-Fourier-Transforme  (FFT)  on  the  time  envelope.  Figure  5  is  a  plot  of  the  FFT 
result  on  the  250MHz  group-type  transducer  with  N=4.  It  must  be  emphasized 
that  this  FFT  is  for  only  one  transducer  whereas  Figure  4  was  for  two  transducers. 

Note  that  from  Figures  4  and  5  the  spurious  lobes  are  down  only  4  or  5  dB 
from  the  main  lobe.  For  group-type  unidirectional  filters  constructed  on 
lithium  niobate  this  could  be  a  problem.  Since  the  impedance  of  the  lithium 
niobate  transducer  is  quite  low  (could  be  near  50  ohms),  the  spurious  lobes 
will  have  relatively  low  loss  unmatched.  When  the  device  is  matched,  only 
the  matching  network  components  will  attenuate  these  lobes.  The  problem  will 
not  he  as  serious  on  ST-quartz  because  the  transducer  has  a  relatively  high  impedance 
unmatched.  When  the  main  lobe  is  matched,  the  spurious  sidelobes  should  stay 
supressed  and  also  be  attenuated  by  the  matching  network  components. 

2.  Weighted  Transducer  Theory 

The  weighting  on  a  group  type  unidirectional  transducer  is  accomplished 
basically  by  weighting  one  group  with  apodization  or  withdrawal  of  electrodes 
and  then  applying  the  same  weighting  of  the  other  group.  Taking  a  FFT  of  one  of 
the  groups  will  then  give  the  unmatched  frequency  response  of  the  transducers. 
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Both  types  of  weighting  will  be  examined  in  this  report. 

a.  Apodized  Weighting  and  the  Group  Type  Structure 

The  most  difficult  problem  with  over-lap  weighting  is  developing  a  scheme  that 
will  allow  the  parasitics  to  be  balanced  and  the  surface  wave  velocity  under  the 
electrodes  to  remain  constant.  Figure  6  is  the  representation  of  how  this  has 
been  accomplished.  In  Figure  6  (A)  various  packets  of  one  group  of  a  transducer 
are  shown  with  typical  weighting  on  them.  Packet  A  has  very  little  weighting 
and  is  the  same  as  E  if  the  weighting  scheme  is  symmetrical.  Packets  B  and  D  also 
have  the  same  weighting,  and  the  full  overlap  of  the  transducer  occurs  at  the 
center.  In  order  to  balance  parasitic  capacitance,  resistance  and  inductance 
for  both  groups,  a  scheme  must  be  worked  out  to  have  crossover  ground  bars 
on  both  sides  of  the  transducer.  The  technique  is  depicted  in  Figure  6  ( B ) , 
where  at  the  center  of  the  transducer  the  group  is  flipped  as  shown.  In 
Figure  6  (C),  Group  2  is  now  added  shown  in  the  dotted  lines.  Packets  A  and 
A',  though  on  different  ends  of  the  transducer,  interact  with  each  other  because 
they  are  a  net  90°  out  of  phase  on  the  substrate.  C  Interacts  at  the  center  of 
the  transducer  with  C'  and  D  interacts  with  D'.  The  arrows  at  A  and  E'  indicates 
the  direction  in  which  the  connections  are  made  to  those  packets.  Figure  2 
showed  how  the  connections  were  made  on  both  sides  of  the  transducer  for  an 
unweighted  transducer.  The  weighted  transducer  will  look  the  same  except  for 
the  apodization  and  flipping  at  the  center. 

A  -.lot  is  given  for  the  theoretical  frequency  response  of  the  apodized 
transducer  in  Figure  7.  The  weighting  is  Dolph-Chebyhev  with  a  Taylor  series 
approximation.  The  assumed  sidelobes  are  -35dB  and  there  are  r>  wavelengths 
between  packets.  This  puts  the  spurious  lobes  at  *8f0  and  1.2f0.  Further 


b.  GROUP  1 


CONNECTION  c.  GROUPS  1  &  2 


Figure  6.  Apodizlng  the  Group-Type  Unidirectional  Transducer 


SEE 


details  of  the  actual  waveform  are  given  In  the  appendix. 


b.  Withdrawal  Weighting  with  the  Group  Type  Unidirectional  Transducer 
Withdrawal  weighting  is  performed  simply  on  the  group  type  unidirectional 
transducer  by  applying  the  weighting  to  one  group  and  then  the  same  weighting 
to  tiie  other  group.  The  withdrawal  is  performed  by  the  use  of  a  computer 
program  developed  at  Texas  Instruments  in  the  early  1970's.  The  methods  of 
witiidrawal  is  described  in  a  paper  by  Hartmann. ^  A  typical  frequency  response 
of  one  transducer  is  shown  in  Figure  8. 

C.  HARMONIC  DEVICES 

Low  loss  harmonic  filters  are  theoretically  possible  using  the  group  type 
unidirectional  structure.  The  spurious  lobes  will  be  closer  in  to  the  main 
lobe  because  at  the  fundamental  the  spurious  lobes  are  closer  to  the  fundamental 
at  the  lower  frequency,  and  the  spacing  will  stay  the  same  at  the  harmonic. 

This  may  not  be  a  totally  limiting  factor  in  that  the  location  of  the  spurious 
lobes  may  be  controlled  to  some  extent  by  going  to  the  minimum  number  of  wave¬ 
lengths  in  a  packet  of  fingers.  (See  Equation  2). 

In  designing  a  harmonic  device  it  is  necessary  that  the  amount  of  phase 
shift  between  groups  at  the  fundamental  be  such  that  at  the  harmonic  frequency 
there  is  a  net  90°  of  shift.  One  other  limiting  factor  is  the  number  of  wave¬ 
lengths  of  transducer  at  the  fundamental  may  cause  too  few  of  samples  to  do 
an  adequate  job  of  withdrawal  weighting  a  transducer. 

This  is  the  case  with  the  GPS  filters  where  at  the  third  harmonic  the  device 
has  80  wavelengths  per  transducer.  Then  at  the  fundamental  there  is  only  80 
divided  by  3  or  27  wavelengths  to  weight  the  transducer.  An  example  of  the 
fundamental  of  the  1575.42  MHz  device  is  shown  in  Figure  9.  Note  that  the 
spurious  lobes  are  only  (.8)(525.14)  =  420  and  525-420  =  105  MHz  from  the 
fundamental.  No  harmonic  L-Band  filters  were  produced  under  this  program. 
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SECTION  IV 


IMPEDANCE  MATCHING  AND  PHASING  OF  THE  GROUP  TRANSDUCER 

The  first  group-type  unidirectional  transducers  used  90°  lengths  of  coaxial 
line  to  produce  the  necesary  phase  shift. ^  This  worked  well  for  lithium  niobate 
devices  where  the  transducer  impedance  was  near  50  ohms.  However,  for  devices 
constructed  on  ST-quartz  matching  in  and  out  of  the  coaxial  line  would  present 
a  difficult  problem.  Malocha^  developed  a  technique  for  matching  and  phasing 
the  group-type  unidirectional  transducer  on  ST-quartz  using  only  two  components. 

Consider  the  schematic  for  the  group-type  transducer  shown  in  Figure  10. 
z' 12  is  the  input  impedance  of  the  device  phased  with  components  X^  and  X2« 

The  phase  shift  from  phase  1  to  phase  2  through  Xj  and  X2  will  most  likely 
be  achieved  with  inductors  for  ST-quartz  and  at  least  one  will  be  a  capacitor 
for  lithium  niobate  substrates.  These  component  values  can  be  calculated 
from  the  following: 


*1  = 

A(cosO  +  sine  ), 

(3) 

x2  = 

A(  sin©  -  cos  © ) , 

(4) 

Z'l2 

=  lAcos  ©  I . 

(5) 

A  and  can  be  calculated  from  the  transducer  parameters. 


A 


nf  C 
o  s 


J 


(  2n  )  2  +  (  8k  2n  )  2 


and 


0  =  tan-l 


_TT 

4k^n 


(6) 

(7) 


where 

fQ  *  center  frequency,  MHz 

n  =  number  of  electrodes  in  1/2  transducer 
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SCHEMATIC 


Figure  10.  Series  Tuning  Network  for  the  Group-Type  SAW  Trans' 
ducer. 


Figure  11.  Transducer  Structure  for  a  1227.6  MHz  Unweighted  SAW 
Filter. 


n 


Cs  *  capacitance  one  finger  pair 

k2  =  coupling  coefficient 

It  is  interesting  to  note  that  ©  only  depends  on  the  coupling  coefficient 
and  the  number  of  finger  pair.  However,  any  significant  parasitic  capacitance 
or  inductance  can  change  0  . 

Equations  3-7  will  be  used  in  making  component  calculations  in  the  next 
Section. 
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SECTION  V 


DEVICE  FABRICATION  AND  PACKAGING 

A.  PHOTOMASK  CONSTRUCTION 

The  photomasks  are  fabricated  using  either  one  of  two  electron-beam  pattern¬ 
ing  machines  in  Texas  Instruments  Central  Research  Laboratory.  The  masks  are 
5.08  x  5.08  x  .15  cm  glass  plates  with  200  angstroms  of  chromium  deposited  by 
evaporation.  A  negative  E-Beam  resist  is  spread  in  a  thin  coating  over  the 
chromium.  The  pattern  is  exposed  with  an  electron  beam  and  lines  as  small  as 
.4  micron  have  been  fabricated.  The  resist  is  developed  and  the  unwanted  chrome 
is  removed  using  an  ion-milling  process. 

The  first  level  mask  contains  the  interdigital  finger  structure  and  is  shown  in 
Figure  11.  This  is  an  unweighted  transducer  with  5  acoustic  wavelengths  in 
the  periodic  structure  of  a  group.  Figure  11  shows  the  transducer  structure 
for  the  unweighted  1227.6  MHz  ST-quartz  device.  Only  one  side  of  the  transducer 
is  shown  but  both  sides  are  constructed  the  same.  The  parasitics  are  balanced 
with  the  pads  shown  as  ground  on  both  sides  and  the  two  phases  going  between 
the  ground  pads  on  both  sides  of  the  transducer. 

B.  DEVICE  FABRICATION 

Fabrication  of  the  group-type  unidirectional  transducer  utilizing  air 
Insulated  crossovers  was  described  by  Rosenfeld.^1  The  steps  in  the  fabrication 
process  include  1)  defining  the  aluminum  finger  pattern  on  the  substrate,  2) 
sputtering  a  layer  of  moly  and  etching  the  via  holes,  3)  sputtering  titanium 
tungsten-gold,  4)  elecrochemically  plating  thick  gold  reflections  from  the  large 


ground  bar.  The  device  still  has  crossovers,  and  6)  etching  away  tlu*  moly  to 
leave  the  air  insulated  gold  crossovers.  Figure  12  shows  an  SEM  of  the  air 
insulated  crossovers. 

This  proven  fabrication  process  was  developed  at  Texas  Instruments  and  is 
highly  developed.  Therefore,  no  funds  from  this  contract  were  expended  in 
developing  the  process  further. 

C.  E-BEAM  MASK  MAKING  DIFFICULTIES 

The  fabrication  of  upper  L-Band  *SAW  devices  dictates  that  E-Beam  mask  making 
facilities  be  employed.  For  example,  a  SAW  filter  at  a  frequency  of  1575  MHz 
requires  interdigital  lines  and  spaces  of  only  0.48  microns.  This  is  near  the 
limit  of  existing  E-Beam  machine  capabilities  and  can  only  be  achieved  when 
the  facility  is  fine  tuned  and  working  to  its'  peak  potential.  Since  less 
than  1  micron  resolutions  are  not  generally  required  for  IC  fabricat'on,  very 
little  of  such  experience  exists  at  T.I.  As  a  result,  considerable  difficulties 
were  encountered  in  our  attempt  to  produce  masks  suitable  for  this  program. 

This  in  turn  limited  our  ability  to  experimental  evaluate  many  of  the  theoreti¬ 
cally  generated  designs.  It  is  uncertain  at  this  time  whether  the  masks  neces¬ 
sary  to  follow  through  with  the  experimental  portion  of  this  effort  will  be 
available  by  the  specified  contract  delivery  dates. 

D.  PACKAGING 

Packaging  of  the  devices  in  a  low  parasitic  environment  is  crucial  to  the 
performance  of  the  filters.  The  following  concepts  have  helped  in  packaging 
L-Band  SA'v  filters: 

1.  No  RF  feedthroughs  may  be  used  between  the  transducers  and  matching 
networks. 

*L-Band  denotes  frequencies  between  890  MHz  and  2000  MHz  for  purposes  of  this 


report 


PACKAGING  (CONTINUED) 


2.  Low  parasitic  capacitance  must  be  maintained  with  PC  boards  that 
contain  the  matching  components. 

3.  RF  shielding  must  be  incorporated  to  eliminate  feedthroughs. 

Two  packages  have  been  employed  to  accomplish  the  above  goals.  They  are 
shown  in  Figure  13a  and  13b.  Figure  13a  is  the  prototype  package  and  has  been 
used  for  testing  the  devices  on  this  contract.  Figure  13b  will  be  the  final 
package  for  the  GPS  receiver. 


SECTION  VI 


DEVICE  DESIGNS  AND  RESULTS 

Group  type  unidirectional  SAW  devices  have  been  designed,  constructed 
and  tested  at  the  following  frequencies: 

1.  961MHz  unweighted,  crossovers  on  one  side 

2.  250MHz  unweighted,  crossovers  on  one  side 

3.  1227.6MHz  unweighted,  crossovers  on  both  sides  (ST-quartz 
and  lithium  niobate) 

4.  1227.6MHz  weighted,  crossovers  on  both  sides. 

Other  devices  were  designed  but  masks  of  sufficient  quality  for  device  fabri¬ 
cation  were  not  obtained  during  the  time  available  for  this  program. 

A.  LITHIUM  NIOBATE  DESIGN  AT  961MHz 

The  first  group-type  unidirectional  filter  produced  at  Texas  Instruments 
was  constructed  on  lithium  niobate  with  a  center  frequency  of  at  961  MHz.  The 

two  transducers  were  95  wavelengths  long,  constructed  like  Figure  14  with 

crossovers  only  on  one  side.  The  transducer  beamwidth  was  .015  inches  or  39 
wavelengths.  From  equations  3-7  this  means  that  Xj  *  22  ohms  or  an  inductor 
of  4nh.  X2  ■  10  ohm  or  a  capacitor  of  16  pf.  The  transducer  beamwidth  was 
not  chosen  correctly  to  utilize  the  series  tuned  approach  to  matching  and 
phasing  the  transducers. 

The  approach  employed  to  match  the  device  was  to  use  a  9(>°  long  coaxial  line 
with  matching  components  at  each  end  of  the  line.  This  was  a  crude  method  and 
may  have  contributed  to  the  insertion  loss.  The  insertion  loss  after  matching 
was  measured  to  be  6.5  dB  and  was  probably  due  to  narrow  fingers  and  poor 
match  lng. 

A  photograph  of  one  transducer  is  shown  in  Figure  15.  Both  groups  are  con¬ 
nected  at  one  side  of  the  transducer  utilizing  the  gold  crossover.  This  resulted 
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with  parasitics  that  were  not  balanced  and  contributed  further  to  additional 


insertion  loss  and  the  inability  to  totally  match  the  filter. 

The  main  passband  response  of  the  device  is  shown  in  Figure  16.  Since  it 
is  an  unweighted  transducer,  the  response  shows  poor  sidelobes.  RF  feedthrough 
is  also  an  obvious  problem  with  the  crosstalk  level  only  30dB  down  from  the 
main  passband.  Additional  packaging  effort  could  have  reduced  the  crosstalk. 

Not  shown  are  the  spurious  lobes  at  768.8  and  1153.2MHz.  These  lobes  occurred 
exactly  where  the  theory  would  have  predicted  them. 

R.  250MHz  L-BAND  PROTOTYPE  ON  ST-QUARTZ 

To  try  to  understand  the  group-type  unidirectional  transducer  without  the 
packaging  parasitics  that  occur  at  L-Band  frequencies,  a  device  was  constructed 
at  25(i  MHz  on  ST-Quartz.  The  transducer  was  65  wavelengths  long,  which  represents 
a  bandwidth  of  just  over  1  percent  at  250  MHz.  The  period,  T,  of  the  transducer 
was  5  wavelengths  long  so  so  that  the  spurious  lobes  would  appear  at  .8  x  250  = 

200  MHz  and  1.2  x  250  =  300  MHz. 

The  series  tuning  approach  was  chosen  to  see  if  the  technique  could  be  used 
at  L-Band  frequencies.  Employing  equation  1,Q  turned  out  to  be  86.56  degrees 
and  A  from  equation  6  was  624.  The  two  phasing  inductors  came  out  to  be  421  nh 
and  373  nh.  Z  12  from  equation  5  was  predicted  to  be  37  ohms.  Parasitic  feed¬ 
through  capacitance  of  the  package  shown  in  Figure  17  changed  considerably  the 
final  values  of  the  phasing  inductors  from  400nh  to  between  100  and  200nh.  More 
importantly  7-' \2  became  very  low  in  impedance  and  capacitance.  Therefore,  a 
matching  network  was  necessary  and  the  total  number  of  components  needed  per 
transducer  was  four. 

A  photograph  of  the  final  transducer  structure  is  shown  in  Figure  18.  There 
are  two  large  ground  bars  in  the  interdigital  finger  structure.  One  of  them,  as 
shown  in  Figure  14  ,  is  1  wavelength  wide  and  the  other  1/2  wavelength  wide  with  1/4 
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Figure  17.  Package  for  the  2 50  MHz  Filter. 


Figure  18.  2 SO  Mil;-  Ir  um-Tvi,  Tnuisdiu-er  Structure 


wavelength  between  the  two.  It  is  hoped  that  this  might  cut  down  on  spurious 
reflections  from  the  large  ground  bar.  The  device  still  has  a  crossover  on 
only  one  side  as  did  the  961  MHz  device. 

The  electrical  results  from  the  device  were  excellent.  The  insertion  loss 
in  the  middle  of  the  passband  was  3.9  dB,  when  matched  and  phased  to  50  ohms. 
Figure  19a  shows  the  inband  response  and  the  Smith  chart  of  the  impedance 
of  one  transducer.  A  small  amount  of  ripple  is  evident  in  the  passband  and 
could  be  caused  by  two  things.  The  first  is  acoustic  reflections  of  the  1/4 
wavelength  fingers  in  each  group.  The  second  is  the  possibility  that  the 
device  was  not  perfectly  phased  due  to  imbalance  of  parasitics.  Figure  19b 
shows  the  first  spurious  sidelobes  quite  clearly  at  200  and  300  MHz.  They 
are  suppressed  due  to  the  matching  and  phasing  network  only  acting  on  the 
main! obe. 

C.  1233  MHz  UNWEIGHTED  LITHIUM  NIOBATE  FILTER 

A  filter  was  designed  using  Y-Z  lithium  niobate  as  a  substrate  and  15  MHz 
bandwidth  as  a  design  goal.  Figure  20a  is  the  frequency  response  of  the  device 
showing  an  insertion  loss  of  4.6  dB.  The  filter  was  unweighted  so  the  sidelobe 
level  was  -19  dB  near  in.  Figure  20b  shows  the  first  three  spurious  sidelobes 
with  an  apparent  null  occurring  In  each  spurious  passband. 

To  insure  that  the  spurious  sidelobes  from  each  transducer  will  not  reinforce 
each  other,  each  transducer  is  designed  with  spurious  lobes  at  different 
frequencies.  Equation  2  can  be  used  to  determine  where  the  lobes  will  be  located 
with  various  "packet"  sizes  for  the  group  structure.  For  the  device  of  Figure 
20  N  in  Equation  1  was  4  for  one  transducer  and  6  for  the  other.  The  resulting 
first  spurious  lobe  frequencies  are  1056  and  986MHz. 


-34- 


251  MHz  .8  MHz/Oiv 
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Figure  20.  1233  MHz  Unweighted  Lithium  Niohate  Kilter  Results. 
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The  matching  network  for  the  device  of  Figure  20  consists  of  two  series 


matching  components  per  transducer.  Connected  to  phase  1  of  the  transducer 
is  a  9  nh  inductor  and  to  phase  2  a  3.3  pf  capacitor.  Bond  lead  parasitic 
inductance  was  taken  into  account  to  determine  these  two  values.  The  output 
is  taken  at  the  connection  point  between  the  two  components  where  the  impedance 
is  real  and  about  50  ohms.  The  matching  technique  is  described  in  more  detail 
in  reference  6. 

D.  1233MHz  UNWEIGHTED  ST-QUARTZ  FILTER 

To  this  date  both  matching  and  phasing  of  an  ST-Quartz  device  have  not  been 
accomplished  at  the  same  time.  It  will  require  4  components  to  do  this  and  the 
present  package  being  utilized  will  accomodate  only  two  components. 

An  ST-Quartz  device  that  has  been  matched  but  not  fully  phased  is  shown  in 
Figure  21.  It  is  an  unweighted  device  designed  for  15  MHz  bandwidth.  The  near 
in  sidelobes  are  down  30  dB  but  will  come  up  as  the  device  is  phased  properly. 
Ripple  in  the  passband  also  indicates  improper  phasing. 

Figure  22  is  the  same  unweighted  device  with  one  transducer  reverse  phased. 
Note  the  good  sharp  null  in  the  passband  indicating  proper  phasing.  Also  dis¬ 
played  Is  the  Smith  Chart  impedance  of  the  device  at  the  input  to  the  phasing 
network.  Whether  the  device  is  forward  or  reverse  phased,  this  will  be  the 
impedance  of  the  transducer.  A  matching  network  can  then  be  calculated  to 
both  match  and  phase  the  device  to  50  ohms. 

Figure  23  shows  the  main  passband  of  the  device  along  with  the  spurious 
response  on  the  low  frequency  side  of  the  two  transducers.  These  lobes  are 
suppressed  45  dB  in  this  non-phased  device  and  should  be  down  over  50  dB 
in  a  properly  matched  and  phased  device.  In  fact,  on  the  250  MHz  unweighted 
prototype  device  that  was  properly  matched  and  phased,  the  spurious  lobes  are 
down  -55  dB. 
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Figure  21.  Unweighted  St-Quartz  Filter  at  1233  MHz. 


Figure  22.  Frequency  Response  of  the  St-Quartz  Filter  with  one 
Transducer  Reverse  Phased. 
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Figure  23.  Unweighted  St-Ouartz  Filter  Spurious  Side  lobe 
Res  ponse. 
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The  only  scheme  to  reduce  frequency  sldelobes  Implemented  to  date  has  been 
overlap  weighting.  Figure  24  shows  the  weighting  in  the  center  of  the  apodized 
transducer.  The  pads  shown  are  ground  pads  and  the  device  has  balanced  parasitics 
with  crossovers  on  both  sides.  This  transducer  is  a  Taylor  Series  approximation 
to  the  Dolph-Chebyshev  weighting  function  with  -35dB  sidelobes. 

Figure  25  shows  the  frequency  response  with  -45dB  sidelobes.  The  unweighted 
transducer  will  have  -13dB  sidelobes,  so  that  the  theoretical  sidelobe  level  would 
be  -48dB.  This  is  in  agreement  with  the  approximate  sidelobes  realized. 

A  null  in  the  mainlobe  can  be  obtained  when  the  weighted  transducer  is  reverse 
phased.  Figure  26  is  the  frequency  response  and  polar  plot  with  the  unweighted 
transducer  matched  and  the  weighted  transducer  reverse  phased.  The  impedance  is 
such  that  two  additional  matching  components  will  be  required  to  match  and  phase 
the  device. 
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Matched(but  not  phased)  Frequency  Response  of  the 
St-Quartz  Weighted  Filter. 


0  dB 
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st-Quartz  Filter  with  the  Weighted  Transducer  Reverse 
Phased. 


SECTION  VII 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  mask  making  process  has  been  troublesome  but  good  devices  have  been  con¬ 
structed.  Lithium  niobate  filters  wth  A. 6  dB  of  insertion  loss  have  been  proven 
feasible  at  1233  MHz.  Sidelobe  weighting  using  a  special  apodization  technique 
has  been  proven  to  work  well  and  an  ST-quartz  device  with  -47  dB  sidelobes  was 
observed.  Withdrawal  weighting  was  shown  to  be  theoretically  possible  but  never 
proven.  Package  parasitics  were  difficult  to  overcome  but  a  new  package  promises 
to  eliminate  parasitic  capacitance  —  the  most  difficult  packaging  problem. 

Many  parameters  were  never  measured  because  masks  for  the  high  frequency  devices 
were  never  adequately  constructed.  One  of  these  parameters  is  the  phase  linearity 
tracking  between  the  two  frequencies  over  temperature.  This  parameter  is  crucial 
to  proper  operation  of  the  CPS  system. 

It  is  recommended  that  work  be  continued  in  the  L-Band  filter  area.  An 
alternate  approache  to  improve  performance  presently  being  tried  at  Texas 
Instruments  are  2nd  and  3rd  harmonic  filters.  These  approaches  have  their  own 
special  problems  with  spurious  lobes  being  too  close  and  sidelobe  suppression 
being  quite  difficult.  Also,  direct  E-Beam  slice  writing  could  be  employed  to 
eliminate  difficult  fabrication  steps  and  improve  resolution. 
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APPENDIX 


CROUP  TYPE  TRANSDUCER  DESIGN  AND  CUMPUT:  R  PRik.RAM 

The  design  of  a  weighted  group  type  unidirectional  transducer  -ill  he  presented 
in  this  section.  The  following  steps  are  necessary  in  executing  the  design: 

1.  Determine  the  waveform  weighting  function. 

2.  Calculate  the  exact  transducer  length  for  one  group. 

3.  Run  the  waveform  computer  program. 

4.  Use  the  output  of  the  waveform  program  to  do  an  EET  to  analyse 
the  frequency  response  of  the  transducer. 

5.  Use  the  output  of  the  waveform  program  to  run  the  main  group-tvpe 
transducer  program  to  obtain  mask  making  cards. 

These  steps  will  be  discussed  in  the  following  sections  and  an  actual  design 
will  be  presented.  The  design  is  for  the  apodized  transducer  of  the  device  in 
Section  IV  D. 

A.  WAVEFORM  WEIGHTING  FUNCTION 

Many  different  weighting  functions  are  possible,  hut  there  is  one  that  seems 
to  combine  optimum  length  of  a  transducer  with  sidelobe  level.  That  function  is 
known  as  the  Taylor  Series  approximation  to  the  Dolph-Chebyshev  Polynomial.  A  cqv 
of  that  program  has  been  included  along  with  the  output  from  it. 

One  data  card  is  required  to  run  the  waveform  computer  program.  Inputs  to 
the  program  are  described  in  the  text  so  it  is  not  necessary  here  to  list  them. 
IWVFM-l,  NBAR=10,  BRECT^O.  (window  function),  TIM=. 099 3809 ,  SI.OBt  =-  3‘> .  ,  BW»4n.  , 
FO=1227.6,  IGP=5  .  The  term  called  BW  is  only  used  when  doing  the  EET  for  the 


i  req  ueiuv  responsi'  a  mi  sols  t  ho  bandwidth  over  which  the  KKT  is  performed. 

Hit*  variable  called  1C.P  is  the  number  of  wavelenths  from  one  packet  to  another 
in  one  group.  TIM  is  calculated  in  the  following  way:  There  should  be  an 
exact  number  ot  wavelengths  from  one  end  of  the  group  to  the  other.  The 
.enter  ot  the  tirst  tinge-'  should  he  at  0.0  time  and  the  last  finger  should 
be  at  ,0‘)'MHo9  mic  rosoconds.  It  the  center  frequency  is  multiplied  by  the 
!  i  me  length  ot  the  transducer  the  number  of  wave  lengths  in  one  group  comes 
.■nt  N  /  =  122.  This  variable  should  be  a  whole  number  of  wavelengths  and  the 
number  of  packets  should  he  odd  so  that  t  lie  peak  of  the  waveform  occurs  in  a 
packet.  There  are  2  S  packets  in  this  particular  design.  The  number  of 
packets  mav  be  calculated  hv  the  following  equation: 

.  -  __  2  N  /  +  IC.  P  +  l 

=  2  it.i’ 


The  KKT  of  the  output  of  the  waveform  program  Is  shown  in 
'.ill'  that  it  is  purely  theoretical  and  contains  no  matching  or 
effects.  The  spurious  lohes  are  as  predicted  bv  Equation  2  at 
1.2  r ,  . 


Figure  7. 
insert  ion 
.3  K0  and 


1  os  s 


K .  KI_N  N  I  Nb_  T!  i  h  MAIN’  CRnfp  TRAN'SDt'CFR  PRQCRAM 

The  main  group-tvpe  unidirectional  transducer  computer  program  for 
overlap  weighted  transdiners  does  nothing,  more  than  produce  computer  output 
t  ■  •  r  either  an  K-bean  or  Co  rber  plotting  machine.  The  F-beam  machine  is  used 
lor  1. -hand  SAW  filter  masks  and  the  Cerber  plotting  machine  was  used  for 


toe  2Vi  Ml)/  group-tvpe  unidirectional  device. 


Inputs  to  the  program  are  not  described  in  the  program  itself  and  so 

will  be  listed  here.  The  input  data  card  contains: 

IGP=5,  The  number  of  acoustic  wavelengths  from  the  center  of 
one  packet  to  the  next. 

VEL=. 123561,  The  acoustic  velocity  in  inches  per  microsecond 
FO=l227.6,  The  device  center  frequency,  Megahertz 
T1M= . 0993809 ,  The  acoustic  time  length,  Microseconds 
BMWID=.0C'  ,  The  transducer  beamwidth  at  full  overlap,  inches 
FING=.02’»,  Finger  width  in  mils 

RED=  XXXX,  Reduction  ratio  for  Gerber  plotter  photomasks 
The  waveform  data  cards  follow  the  data  card  described  above. 

The  computer  program  consists  of  a  main  routine  and  many  other  subroutines. 
The  DO  loop  numbered  20  in  the  main  routine  is  the  heart  of  the  program. 

The  transducer  is  constructed  from  left  to  right  with  the  left  side  being  0. 
Figure  2  looks  much  like  the  final  transducer.  First  are  some  ground  fingers 
to  set  the  acoustic  velocity.  The  subroutine  for  calculating  the  location 
and  size  of  these  fingers  is  called  GRFING.  Next  are  the  periodic  ground 
fingers  called  GRD1.  After  that,  the  first  packet  of  PHASElCgroup  1)  is 
calculated.  Then  the  second  set  of  ground  fingers  is  called  and  after  that 
PHASE2  (Group  2)  is  calculated.  The  process  is  repeated  until  all  packets 
are  finished.  Some  sample  E-Beam  data  output  is  also  shown  in  Section  4. 
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APODIZED  GROUP-TYPE  TRANSDUCER  PROGRAM 


nor  „  oonono 


IMPLICIT  KtAL 

UlMFNi  1 JN  XI  7C  0)  , YL(  700)  , YUl  700  )  ,,<D(  700)  ,  ApKllOb  )  ,XPL  1  100  )  , 

CSLTM  100  )  ,  iL  TL  (  100)  ,  PrlL  UOJ)  ,PH.\  (  100  ) ,  V  TL  (  100  )  ,  v  1  K  (  100  )  ,  A  l  7u3  )  , 

Cbl  700 )  i P  ADO l  100 ) ,PADL ( 100) , VlAJl 100) , V l aL  1 100 )  .  >L VO l 100)  , sLYL( 100) 
o.PHYL  < 100) ,PHYU( 100 ) , VTYL1 100) ,V IYU( 100) ,SSLYL ( 100) .SSLYLL l 100) 

L  ,iiLT*  (  10^  )  ,  jiULI  100)  , ibLLTLT  100)  .iLTLUlOO) 

LUMMuNX ,  UMwD, DL AM, YL , YU, WO , 1 »  J , Kb, NGG, XPk, XPL  *  J J« i I , aLTk  » iL IL , 

PHL  , PHK, Y  UWIh  ,  A,  5,,YcTK,  PAOU,  P  ADL  ,  YIAU,  V  i  AL,  iLYU,  SL  YL  ,P)iYL  ,PHYU, 

C  YT  YL  ,  Y  TY  J,  J  l  ,biLYL,ibLYLL,bbLTR«ibLTL,SiLLTL,iL(LL 

V*******«**  *******-*■*** 

)0  =n  tdtAM  PKIMI.UI 
10- l  t  B  t  A  M  PUNCH 
10-2  uEXbtK  PRINIuUl 
lu=i  GtKDcK  PUNCH 
«*******»»-*»#**<■*****« 

At  AU  10 , 10 , 1  oP  ,  VEL  .PC,  n  M,  ttrtrfiD.F  I  No  ,  At  J 
10  FjKMaT  (2110,1-  1  0  •  t> «  F  IP • A , aF  IO.o) 

PkINI  l'-,l(j,IGP,VcL,Fo,T  ,FiNo  ,  k  t  b 

A l  AU Y,  Ni’EAXi 

Kt  ADA,  (  i  (L  )  ,  «U  )  ,L  =  1  ,  NPL  AK.^  ) 
i  Fi)KMAmiX,Ft.C',25A,H>.12) 

F  U  AM  A  1  (  1  b  ) 
t)rtwO=i)M*»  I  J/2.  *  1000- 
OLAM  =  VtL/FG*lC  00. 

NG*( ICP-l) tl 

NL AM- (  I  I m*F  u )  ♦  No  ♦  i  *  .3 

NUG-NL  AM/ 1  bP 
NC  Tk  =  N GG/2 
J1  =  1 
l  A  - 1 

CALL  * YF kM (  ,Pt AK  b , I  A  I 
JJ  =  1 

I  l-l 

1=2 

I  A=  1 

DO  20  J=l,Noo 
iF(J.bc.l)CALL  oKrlNG 
CALL  GKO l 
CALL  PHaSEII  IA) 

CALL  GR 02 
CALL  Ph A  it  2  I  1  A ) 

IFI J ,fc J.NGGICaLL  GKUl 
It ( J.fcW.  JoG ) C  AL  L  GRFINo 
IF (J.t G.NoG) 1=1-1 
20  CUNUNUE 

im  U.bT  .1  )  ob  To  1 
CALL  E  13  F  INC  (  Ib,F  ING) 

CALL  EUcuNllC) 

CALL  t  BP AU (lot 

GO  Tu  2  < 

1  oUNTJNUfc 

CALL  bBF  1NGI  i.),F  ING.RLD) 

CALL  GKCiINI  1U,F  ING.KfcU  ) 

CALL  GRPAOUU,  F  ING.KLD) 

2  OUMINUL 

LNO 


-IS- 


OOOKwU  fl  4t  »Vt  k  M  (  \  '  r  /.KS,  i  AJ 

i)Mc‘.Wj‘»  X  l  U  0)  ,  r.  I  7  00)  ,Yu<  700)  ,«0<  700)  ,*Pk(  100)  ,  XPL1  100)  , 
u  >L  l  *  t  1  33  >  ,  it  U  l  IP1'1  I  il’hLl  100)  ,PHK<  100)  ,  VlLl  100  )  ,  Ylk  (  100)  ,A(  7  00  )  , 

Ul  700)  ,PA0U1  100  )  ,P.. )1  1 100) , Y 1 AU( 100 ) , v l AL(  LOO  )  ,  .>L  YUt  100  )  ,  SLYL  1  100  ) 
L  ,MHV  l  (  100)  ,  Pm  roll  0  1  l  ,  v  I  r  L  l  100  )  ,  V  IV  lit  100)  ,  SSL  YU  100)  ,  AbLYLLl  100  ) 
i.  ,  Sbi  I  r<  (  1 00  )  ,  j .> L  T  l  l  I  0  )  ,  iiLL  TL  (  100)  .  GLTLL  l  100) 

^UM'-'ji\A.uM,.j.ULAM.ti.  ,  Y  U  .  i  l)  .  I  >  J»Nu»NCu»  X  P k  ,  X  PL  ■  J  J  ,  1  1  .  it  T K  ,  iL  II  , 
u  PUL  , PHK , Y ) L , Yl K , A ,  >,  Nu  Tkt  PAUL),  PAUL  ,  V  I  Al),  V  I  AL  ,  SL  YU,  it  YL  ,  PH  Yt  ,  PHYO, 

L  Y  I  Yl  ,VTYU,JI,iiLYl  ,  >NlYi.L<:>iLrk,SSLlL,SSLLTL,iLlLL 
lut 

1  1  --  .'*1  GP 

JO  i  N  -  1  .  NPt  A*.  I>  ,  1  i 
JO  d  L=l,No 

i\  =  l  */  »  1 

j<  1  A  M  A  <  X) 
i  l  1  A  ♦  N  0  )  =  A  (  K  ) 

I  A  =  I  A  ♦  1 
l  CUN  I  I NUt 
1  A  =  1  At  Vu 
1  C  -j  N  I  I  NUt 
I  A  -  1  a—  1 

lb  IS)  1  ).L,r.O.  >  )  v->  6 

UU  -t  L  =  1  , I  A 
S(L)--itL) 

*t  t  u  N I  1  iN  U  t 
6  t  u  N  T  1  N  U  b 

Pk  l.l  I  i,(L,S(L),l=i«lA) 

j  r  ohm  at  tij.iox.Mi.m 

Ht TUhN 
tiMU 

c 

t 

c 

SJtiKUUllNt  UK  0  1 

Jl  MnNS  ION  XI  70  0)  ,  YL  (  700  )  ,  YU<  700)  ,  Wl)  (  100  )  ,  XPK  Cl 00  )  ,  XPLI  100  )  , 

C  SL I k 1 i 00 ) , St  TL I ln0 ) , PHL (100) ,PHK( 100), VTLi 100) , vTRi  100)  ,A(  700) , 

L  u(  7C0  )  ,PAOU(  ion  )  ,n,.)LI  IOC  1  ,  Y 1  AU 1 100  )  ,  Y  I  At  (  100  ) ,  >L  YU<  100  )  •  iLYL  1  100  ) 
L ,PH*l 1 100  I , PMYUl 1 V) , VI YL ( 100) , VTYUl 100 1  ,  Sit  YU  100) ,  iiLYLL (  luO ) 
t  ,  Sit  fk  ( 100)  ,  ^iLIl  l  in.O)  ,  SSL  LI  L(  100)  ,  SLTl  LC  100) 

C  U  MM  JNA,iMwU*l)LAMfYL  ,  Y U , nu  ,  I  ,J*NG,*'lG.j,XPK,XPL,JJ,Il,iLlK,SLTLf 
C  PHL  ,  PHH  ,  VT  t  ,  VT  K,  A,  j,  ,mv.TK  ,  PrtOO  .PAUL  ,  VlAU,  VIAL.  SLYu.SLYL,  PHY  L.PhYu, 

L  YT  Yl  , V  T  r  U , J l .bSLYL.SSLYLL  ,SiLlk,SiLTL#iiLLTL,SLTLL 
X  (  I  I  =  X  1  !  -  l  )  ♦  JL  AM/ l  .  0 
YL  (  1  )  =  i.  *Ul  A  A 

Y  U  1  1  )  =  l)  M  M  J 
YUU= YU (  1  I 
YL  L - YL  (  1  ) 

lrlJl.GT .NGu)  rut  I  )  -- YLL 
I  f-  (  J  I  .GT  .  iM  G  u  )  Y  L  (  I  )  =  —  Y  U  U 
«U( 1 ) =  UL  AM /4  . 
u ALL  uPAJl 
J  I  -  J  l  A  l 

If-  (1  .L  T  .  1  0  )  J  1  -  l 
1  =  1*1 

X (  1  )  =  X  (1-1 ) *JL AM/A  . 

YL  (  1  )  =  - rt M « U 

YU( I )=HMWU*).*ULAM 

YLL - YL  l  I  ) 

YUU=  YU (  I  ) 
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IF  l  J  1  .  G  T  .MGul  Yu(  I  »  s-VLl. 

IF  (  J  l  .  b  I  .i'iujIUI  I  I  =-  Y  J  L, 

WDl  I  1- JLmM/4. 

CALL  GPA,)2 
I  =  l  ♦  L 
Rfc  TURN 
CND 
c 

c 

b 

subMju r  1  pna it  1 1 1  a  i 

JI  ML  ,NS  I  ;J.\!  a  <  70C)  »  YL  I  7ur)l  ,  YUI  70CI  ,  r*L»  (  100  >  ,  aPK  1 100 1  ,  XPL  l  100  I  , 

C  iL  Tk  (  1  )0  I  i  jL  I l  I  lOu  )  p  Pi  l  I  100)  ,  P  Hk  (  1 00  )  ,  V  T  L  I  1 00  1  ,  V  1  K  1  1 00  )  ,  A I  7  JO  )  , 

(.SI  7001  ,P  AO.Jl  I  OP  J  .PA.JH  100)  ,  V  I  AU  1  100  )  ,V  I  AL  I  1001  p  SL  YU  1  100)  , SL YL  1  LOOi 
C  .  F*  mV  L  l  100)  ,  PHYUI 1001  ,  v  l»L  (  LOO)  ,  v  TV  Jl  100)  ,  sSLYl!  100  I  ,  SAL*  LLI  luO  I 
C , sSLTK (  100  I  ,SsLI L(  1001  ,  jSLLILI  1 00 1 . SLlLLl 100) 

COMMUiSX  •  cM«Ot  OL  AM*  YL  p  Y  Jf  nJf  i  tJpWGpA)G(*p  XP(\,XPLp  JJt  1  1  p  SL  Ik  t  i  L  T  L  p 
CPHL  , PHK,  V I  L  p  V  I K, A, S , MC r K , p AUU , P AOL  ,VlAU,VlAL.SLVU.SLYL,PFHL,PHYU, 
CV1 Y  L , V  TYs, J  I  , jSLYl, SiL YLL , SSL  I K  ,SSL  TL, SsLLTL. SL  ILL 
00  I  K  =  1  P  !PU 
X (  I  I  =  X (  I  -  I  ) fJLAM/2 .0 
YL ( 1  )  =  - dHrtO- 1 .  7  *oL A  A 
IF  1  X.L  J.  I  I  YL  (  1  1--cSMaO-.'3  00*0LAi’1 
YU  I  I  )  =tJMwD*SI  I  A  I  *2.-d.-1wU 

Y  L  L  =  YL  l  I  1 
YUU- YU (  1  J 

I  F  (  j  1  .  u  T  .iMGu  )YU(1)=-Y'.L 
IF  IJl.GI.iNGGlYLl  1  l=-YuU 
W0(  l  )  -  OL  AM  /  4  . 

IF  IX.  LG.  1  ICALLPlUAR 
I  A  -  I  A  +  I 
l  =  I*-l 

YL l I  )  =  YUl  l  -  1 )  ♦  L)L  AM 
YU  I  l  I  =  JMauM-2  .  *  UL  AM 

Y  L  L  =  r  L  l  I  ) 

VuU=  YU  (II 

IF  I  J  1  .GT  .NGo)  Y U  (  1  )  =  YL  (  1-1  I-0LA.1 
I  F  I  J  l  .  u  T  .NGulYLlll— — Y.jl< 

XI  1  !  =  Xt  1-1  ) 

*01  1  )-«i)ll-l) 

1=1*1 

1  F  I  X  •  <*  E  .  iYm  lb  AL  L  Pri  U. 

i  cuminuf 
he  urn 
tNO 

b 

L 

C 

SJbHuUlINt  uKU  2 

U  l  ML  NS  l  OH  XI  7001  ,  YL(  700)  ,yj<  700  1  ,wO<  7001  , XPK ( 100 1 , aPl I  1001  , 
liL  IkI  100  1  p  SLTL  I  ICO).  Pml  (  1001  ,  PHK  I  100)  , V  IL1  100  1  ,  V  T  K  l  100  )  ,  A  l  700  1  , 
i.S(  700)  ,PA  )Ul 100 1 ,PAjl  I  100 1 , VI AUI  100) .V  I  AH  100) , SLYUI 100) ,SLYL( 100  I 
CpPHYH 10O) , PHYUI 100  I , YTYL (  100 1 , VTYU( 100)  . SSL YL I  100) , SSLYLLl 100 1 
bpSSLlR  1100)  pSSLTL(lOO)»jSLLlLllOOI»SLTLL(  100) 

LoMMuNX  ,  b  M  ■*  U  p  J  l  A  K  p  YL  p  I  J,  A[J  p  i  pJpNGpTYuUpXPKpXPLpJJpl  1  pjLlXpjLFLp 
bPHL , PHK, VI  L  f  V  r«p  A>  Sp  N(.  IK  ,  P  AO  J  ,  P  AOL  ,  V  l  AU ,  V 1  AL  ,  S  L  YU  .  SL  YL  ,  PH  Y  L  ,  PH  Y  U  , 
CVIYLpVTYjpJlpSSLYLpSSLYLlijSLlKpSSLTLpSSLLILpjLILL 
Al  I  1 =X  l  I  -  1  1  ♦0 . *UL AM/  lb. 

YL  (  l  I  =  -DMrtL) 
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Y  J  1  l  )  =  AH 

Y  L  L  =  r  L  1 1  I 

'  JU-  If  U  (  1  I 

li-  (  J  I.UT  .MGui  I  ,  (  1  )  ■=  -  Y  L  L 
IM  J  1  .  ul  .uGu  )  Y  l.  ll  )  =-YUU 
*0  1  1  )  =  t.  *JLAM/  1  . 

1  =  1*1 
J  l  =  J  1  *  1 

XI  1 )  -A (  1 -1  )*b- *  Jl  AH/8 . 

Y  L  t  I  )  =  -  d  i !  *  L)~  3  .  V  JLAM 
1  Jl  1)  =  dMrfJ 

Y  l_L=  YL  (  1  ) 

V JU- Y J  t  l  ) 

I  P  1  J1  •  u  f  .  N  uu  )  t'-t  I  I  =  -  Y  L  L 
1  *  1  J  i  »  l.T  .  I  Gi> )  ■>  L  I  l ) =- YuU 
fti)  1  11  --  Y  •  *  J  L  A  M  /  ■(  . 

1  =  1*1 

*•  E  I  J  k  N 

r  N  l) 


j  JDKu  J  I  1  Mi:  PHA  t  1  A  I 

Jl  Ml.  ,1  I  4  A(  70'  !  ,  jL  I  700)  ,  YjI  700  I  ,wOl  /00  )  ,  X  PR  (  luU  )  ,  xP  l  I  100  )  , 
l.  3L  T*<  (  l  30  )  ,  iL  1L  l  10  0  1  .  PUL  t  1001  t  PHk  l  1 00  )  ,  V  \ L  11  GO  )  ,  V 1  K  1100  }  ,  A  l  70 0  I  , 
o  A  l  700)  (f>  V>U(  101'  )  ,f>AJL  1  ir.(  /  ,  V  1  ALH1 00  )  ,  VI  Al_(  100  )  ,  iLYUl  1001  ,  jLYl  (  100) 
G,  PhYl  (  ICO)  .PHYMlOO)  ,  V  1YI.  1  ICO)  ,  YlYUUOO)  .SJLYL  1100)  ,  JiLYLLUOJ) 

,  3  Al  I  K  (  K  0  )  ,SiL  I  L  l  ICC')  ,33LL  l  l(  100)  , JLTLLl 100) 

L  o  M  M .  j  'll »  n  f  n  J  i  u  L  iH»  Y  l  iYUi  i»J»  1  t  JiNutNGjj  APXi  XPl  fJJtlltJLfktjLlLf 
CPML»PHKfY'LfYli,A|YfN)GTK,PAUotPAu)l*YlAUtVlALtiLYLJ,Sl.Yl.*PMYL*PMYui 
cYlYL,vlYi.,Jifi.,  LYLiySLYI.  L»S3LrR*3ALlL#S3LLlL*iLlLL 

i  K  =  1  »  MG 

X  (  I  I  =  *  (  I  -  l  )  ♦  Li  1  A  M  /  i  .  0 
1  I  (  x  .  t  0.  I  )  X  I  1  )  --  A(  i  -  l  )  *-y  .  *  JLAM/  10. 

YL(l)-  l)m*  J-3  l  1  .»  )*l  .  *3M*  i) 

Y  Jl  1  ) =  IS  M  iv  1  ♦  l . / *ul AM 

IrlK.t  .j.'wlYul  1  J=dMnJ*.‘jOO*ULAM 

Y  1  L  =  Y  l  (  1  ) 

Y  JU  -  Y  J  (  I  ) 

It  (Jl.i.T  .YlwlYul  1  )  =  -  Y  L  L 
It  (  J  I  .lit  .  «  vj  o  )  Y  L  (  1  I  =  -  YOU 
nil'  )  =  Jl.  A't/A. 

1I-1n.LW.Mvj)  1.  A  1  I  P  C  0  tt  K 
I  A  ■=  I  A  ♦  1 
1-1*1 

Yl.  (  1  )  j-uMrtfW.  *i;l  AM 

YJI  1  I  -  Y  l  l  I  —  l  )  —  u  l  AM 

r l L  =  YL  1  I  ) 

YU 0- Y J (  1  ) 

Ir  I  Jl  .M  •  j  Uu ) t  u I  l  i —  —  Y  L  L 

It  (  J  1  .  ,(  .LGuIyli  I  )  -  Y  J  (  1  -  1  )  *  JL  AM 

xl  1  )— xC I  —  i J 

«J(  I  )  =  «J(  1  -  1 ) 

11*1 

IMK.NY.uJ)  G  A  L  i  PHC(, 
i  o  J  M  I  M  l.  L 
rtf.  I  UK  M 
t  NJ 


-  in¬ 


i' 

J 


n  c-.  r'  r>  r  r  o  o 


F 


S  U  b  K  U  U  I  1  N  L  P  H  1  u 

J1  ML  .Mb  I J.,  XI  /  to  )  >  Y  L  (  70C  )  i  y  u  i  700  I  ,  „Jl  700)  ,a.PK(I0o)  ,  xpl  uooi  , 
LbLTriliOOJ.SLJi  I  ICu) , Put  J 100 J f  PHK ( LOO ) , V  TL(  L  JO i , v  TR ( 100 ) • A {  700  )  , 
ubl  700  )  ,Pau  ul  1  YC  )  ,  -  AJL  (  lo^  )  ,  V  l  A0(1 00  )  ,  VI  ML  1100)  ,  JLY  J(  100)  ,SlYL  l  100  ) 
V-  .PHYL  (  lO'T  t  ,Pn  YU  (  100  I  ,  m  J  Yl  i  100  )  .  V  I  YU1  100  J  ,  SSLYL  I  100)  .  SSLYLl  1  ICO) 

,  bSL  Tk  1  LOO  I  ,  b_.L  I  L  (  190  )  .  bSLL  I  L  UGO  )  ,  bL  ILL  1100  ) 

l  1 J  M  "L  J  m  X  .  u  M  .M  u  . .  J  L  A  P  .  Y  L  i  Y  Ji  n.J  i  I  .U.Nu.fMulf.XPK.xPLtUJ.ll.bLlK.bl  I L  . 

-PHL , FHK.7I L , V  Id, A,  b.NL  )h , PA DU, PAUL  ,  V 1 AU,  VI AL  , SLYU,  SL YL ,PHYL»PHYU, 
u  V  I  Y  L  i  J  IY  J  .  J  I  .  jYLI  L  .YYLYLl  .  b  b  L  I  K  .  bbLTL»SbLL  T  L  ,  b  L  ILL 
x  l  I  )  -  XL  I  -  1  )  ♦  Ol  a  H  /  i  . 

YU  1; 

Y  J  (  1  )  -  *.  .,0+  i  .  *  jL  AH 

YLL=  YL  (  I  J  * 

YJU=Y J l  i  ) 

IM  JI.uI  •4Uu)*Uil)=-YLL 
IP  I  J I  .ui  .  mGu  )  y  L  1 1  i =-yul 
nJ  (  I  )  -  DL.  AO  /  4  . 

1  =  1  +  1 

K  c  I  UK  .4 
tNO 


SUb  <UU  1 1  NIL  Pit/',* 

01  ML  Mb  I'Vl  x(  700  )  ,  YlC  700  1  ,  iui  /00  )  ,« J 1  70  0)  ,  X  PR  l  10.; )  ,  xPl  (  LOO  )  , 

L  bL  T  t\  l  1  O1'  )  i  bL  TLlLOOIt  PmL  (  100  I  ,  PH*  I  1 00  1  ,  V  I  L  (100  7  ,  y  1  X  l  100  7  ,  A  I  7uO)  , 

LSI  700)  ,P>OU( 100 ) .PAUL  < 10  ’  I , v l Aul 100  I , VI ALl lUO) , bLYUl 100) , bLYL(lOD) 
L.  PHYL  (  10D)  ,PHYU( 100  )  ,  VI  Yl  l  IPOJ.vlYUllOO)  ,  S S L Y L l  1  00 )  .  S SL Y L L (  1 00 ) 

C.  ,  bSL  Tk  1  100  )  ,  bSL  f  L  (  100  7  ,  jjcL  I  L  I  1  00)  ,  bL  III  I  ICO) 

L  u  M  H.  i  w  X  ■  i.'ImJ.  J  L  A  Y> ,  YL  »  >  U»  «J.  1  »  J  .  nb.  Nou  .  .  XPL.JJ.i  loLTKibLILi 

LI’HLiPHK.m  »VlK,A,blfML|r\I.'«l)U«PAJL»VlAU>vIAL»bLIU*SLYL,PhYL»Pr(rU* 
oVlYL,VTYU.Jl  .bYLYLiSblYiL  .YjLlKfibLllib.il  I  L  ,  b  1  ILL 
X(  I )  =  X ( l-l  )  + JL AH/c  . 

Yuli  )  =  CMwD 
Y  L  (  1  M-iHwO-  i.YuLAM 
Y JU=  YU  1  1  ) 

YLL=  YL  (  1  ) 

IP  1 J»  .ul  .YOu ) Y  L  U  ) =  -YOU 
IMJI.CI  .iNlGu  )  Y  H  1  ) =- YLL 
wDII)=DLAM/+. 

1  =  1  +  1 
Kb  T  JkfM 
LNU 


SUbKL.U  I  1  iMfc  uPA,)  1 

L)I  Mfc.Mb  l  UN  x  (  700)  .  YL  (  700  )  ,  YUl  700  I  ,wi)  I  700  ),XPk(lOO),xPLllOO), 

CbLI«( 100) , SL IL l 100 ) , PHL ( ICO)  ,  PHK  (  1  00  )  ,  V  7  L  t  1 uO  )  ,  Y  I  K  i  100  )  ,  A  1  700  )  , 

LSI  root  ,PA01M  100 ) .Paul  « 1001 , v I AU1 100) , Vi  All  100) ,SL YU( 100) , bLYLl 100) 
L.  PHYL  (  100  )  ,  PHY  U  I  100  )  *  V  I  Y  L  (  100  )  ,  V  I  YU  (  100 )  ,  b  SL  YL  C  100  )  ,  SSL  YLU  100  ) 

C  ,  bbLTk  1  LOO  )  ,  bbLU  I  1  JO  )  ,  SbLL  I  Lt  100)  ,  jLTLL  (  100  ) 

LUPMbfJX,  tlM*U,i)l  AM.YL.Yd.Ki),  I  ,  J  ,  Nu  ,  Nuu  .  XP*\  ,  XPL  ,  J  J  •  I  1  ,  SL  IK  ,  bL  1  L  , 

LPHL  ,  PnK,  V  T  L  .VI  N*A,b,NCTx.P  AuJ  ,  P  ALLl  ,V  IAU.  VI  At.*  SLYU.  SLYL  .PHYL  ,  PHY J , 
LVlYL.VTYu.JI .bSLYL.bSlYl L,SbLrK,SSLfL,ibLL7L»SLTLL 
XPKl J J )=X(l)+rtJll)/P. 

XPL  (  JJ  )  =  XPK(  J  J  )-  lMu+  .  i  7'. )  *.H  AH 

-19- 


J 


If  (JJ.Lu.NGG*l)XH*(JJ)=  X  H  k  (  J  J  )  *  I  i>i  L»  ♦  •  i  /  'J  I  *UL**M 

HADJ(JJ)=-BMrtd-l.j;>*JLAM 

HAUL  1  J  J  >  =  HAuU  (  J  J  J  -  1 .0 

i‘0--P«UU  (  J  J  ) 

PL  -HAUL  (  .J  J  ) 

If-  (J1  .  G  I  .NUvjJHAijL  (  J  J  )  -  -  H  J 
1KJ1.GI  .N  Go ) H  AL)  J  l  J  J  )  -  -H  L 

V  1  A  J  l  JJ)  =  P  AU  U l  JJ)-.  Lb 
vlALl JJ) -P  A J L  ( JJi 

IMJl.Gr...  oio)VlAllJJ)-HAUL(JJ)»..l5 
IF  (J  I  •  u  I  ...uolf  IAU(  JJ)=PADJ(JJ) 

k i:  rjKN 
END 
l 
b 
b 

i  a  oPA Jt; 

dl  Ml  Ni  I  u  .  A  <  700)  ,  YU  700  )  ,  Yul  IOQ  )  ,  „u<  700)  ,  xp*<  100)  ,  xhl  (  1 00  I  , 

CSLl>' 110  A),  GLfl(lC'D),PHL(10O>,PnKllO0),vli.tlJ0), *1*1100), A(7u0i, 

Ol  7  00)  ,  H  AJUl  ICO  )  ,H.»dL(l00), VlrtU  (100), VlALllOJf,  Ai.  Vut  l  DO  I  ,  iL  YL  l  100  ) 
L.PHYLll'AOUHHYjUOCl.vr'rlllOOUvTYUUOOl.ShlYLllOOl.joLYLUlOO) 
b , > il  fK(  100)  , SaLTL ( 100)  ,  SoLL I L( 100)  , SLlLL t 100 ) 
b  u  M  -/D  i  V  A  f  uM  a  d  ,  J  L  A  M  ,  YL,YU,Wj,i,J,'Mb,Ncd#ApKfXPL,JJ,ii  ,->1  I  k  ,  A  L  1 1  , 
b  HHL  ,  PH  k  ,  V  I  L  ,  VI  )<  ,  A  ,  j  ,  Nb  )'K  ,  PAIJU  »  PAUL  ,  V  l  AU  ,  Vi  At ,  il  Y  J,  SL  YL  ,PHYl  ,Pr(  V  J, 
bVlrL,VlV0,ji,jALVL,.,ALVU,5iLlK,iil.TL,bjLLlL,5LrLL 
Ndl-NbG+1 

XPLlJJ*  sol  )  =  X  <  I  )  -  .,  0  (  I  )/  <7  . 

XPislJJFNGi  )  =  XP  L  t  J  j  ♦Nli  1 )  ♦•  i  NG  ♦  .  3  7  5  )  *  UL  AM 

if-  IJ  .E  J.  I  >  APL  1  JJ  +  NG1  )  =  XPLi  J  J*NGl  )-l  NG*.  s7S)*0LaM 

HAUL  (  J  J ♦ Nu  1  )  =  bMk  J+ 1  .  V  P*  OL  AM 

HAOUl  J  J*Nul  I  =  PA0L  (JJ  +  NG1  )  ♦■  l  .0 

H0=PAOU( J J  +  NG l  ) 

PL  =  P  A|)L  (  .)  J  *ivG  1  ) 

It  l  J  1  .  U  .NGb)  HAUb(  JJ«-NGl  )  =-PL 
lF(Ji.l.l.Nuu)HAGLlJJ«-\Gl)=-PU 
VIAU(jJ*NG1)=PAUu(JJ*imG1) 

V  1  AL  (  J  J  ♦  NG  l  )  -  h  AGll  J  J*  NG  l  )  ♦  .  1  b 

1 1  (  J  1  .  G1  .NuG  )  v  1  AU  J  J*  NG  1  I  =  P  A 00  (  J  J*NG  1  )  -  .  I  5 
1  F  (  J  I  .  U  .N  GG  )  V  1  AL  l  J  J  ♦NG  1  )  -P«L)l.  (  J  JF.Nu  1 ) 

J J  =J J*  l 
KE  I JKN 
l  NO 
C 
b 

c 

jOtiKUUl  INE  PldAk 

i)  1  Mfc  Ns  I  JN  X  (  700  I  ,  YU  70  0  )  ,  YU  (  700  )  ,w0(  700  )  ,  XPK  (  100 )  ,  APL  (  100  )  • 

G jL  Ik ( 100  )  ,  SL1L (  100 ), PULI  I  00 ) , PHK (100 ) , V 1 LI  100 ) , VI « 1 100  » , A l  7 Jo)  , 

L  U  70  0  )  ,HADU<  100)  ,H**UL  <  100)  ,  VIAUI  100)  ,V1  AL1  100)  ,  SLYUI  100)  ,  SLYU  100) 
C  ,PHVU  l  00)  ,  HHY  U(  100  >  ,  VlYU  100)  ,  VTVOU00)  tSSLYL  <  LOO)  , ibL  YLL(  100) 
b  ,  SSL  )K  (  100  )  ,  SSL1  t  (  1  JO)  ,  ObLLIU  100)  t  aLTlK  100  ) 

UJMMJNX  ,  riMwID,  )L  AM,  VL  ,  YU  ,  wj,  1  ,  J  ,NG,NGb,  XPK  ,  XPL  ,  J  J  ,  I  1  ,  SL 1  R  ,  H  I  L  , 

CPHL  , HHh, V  I L , VI K , A, b.NbTK , HAJU  ,HAl)L ,VlAd,VlAL,SirU,GLYL,PHYL,PHrj, 
b  V  f  YL  ,  V  I  YU,  Jl  ,  bSL  YL  ,  bSLYLL  ,SbLTK,SSLTL,  SSU.lL  ,  SL  ILL 
w-uLAiM/AxDLAM  /  s.  *  .A 
_.L  1 K  (  1  1  )  =  X  <  l  )  ♦  dl  AM/b  .  ♦  .<7*l)L  A  M/4, 
j  L  I L !  1  l  ) =X  1  I  )*0LAM/4.-.P*0LAM/4. 
jSLTL  (  11  )  -  SL I K  (  1  l  )  -  « 

>ALlk(  1  I  )  -  SL  1 1  ( 1 1 ) 
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SSLLU i 111 =  SL1 K( 1 1  )-« 

sl r l l ( lii- ssl  i k<  m 

PHL(lll-X(I  J+JLAM/4.-  .  l*ULAM/4. 

PHK( U)-PhL< i l  l+(NG-l.  Uj)*L>LAM 
VrUlll-lHtlLUll  ♦  PMKI  1  I  )  \  /  £.m  —  l)L  AH/  4  • 

V  T  i<  l  i  l  J  =  V  I  L  (  I  1  )  ♦  UL  AH  /  «£  • 

GLYUl  <  I  )  =-tiH„U-.075*0LAM 
SLYLl  l  I  )  =- tlMwu-P  .Q*l)L  AM 

SSLYLl  II  *  =  l  l  GlYuI  I  ID  ♦  SLY  LI  it  I  I  //.♦*//. 

SSLYLL  III) =  SsL  YL l  I  I  )-w 

PHYL  (  1  11  =  -GMV,U-/  .0S*ULAH 

PH  Yu  I  1  1  I --ttrtftu- l.t*l)LAM 

VTYLlll)  =-  tlMw  H-  2 . 7  i>—  2  •  *QlAM 

YTYUl  1  l  I  =  -bMwU-/.*(JLAi'1 

IF ING.Lg .1 ) VTYUl l l )=-JMwJ-  1.4*L)LAM 

SL  R=  oL  TP  I  I  1  ) 

SLL  =  SL  TL ( I  I  ) 

I F  (  J  l  .  lit  «N Go  )  gL  I  k  l  II)=GLL+L.4*L)LAM/4.0 
IK  J  I  .GT  .NGO)SL  IL  I  I  I  )  -SLP-1.4*ULAM/4.0 
IFIJ1.GT .NGoJgSLTLIII ) =gL1 p l ll)-w 
IF  l  J  1  .ol  .hGG)  SgL  TM  1  1  )  =SLTLl  I  l )  ♦* 

IF  I  Ji  .GT  .NGG)SgLLTL  I  II  )  =SLTKl  11) 

IF  < J I .GT . yGG) SLTLLl 11  )  =  SL  IL  Ill  ) 

SYU=SL  YUI I  I ) 

SYL=  SL  YL  l  ill 

SSYL=SbLYL  (III 

SSYLL=SSlYLL< I  I  I 

IF  I J l .GT .NGG) SLYL I  I  I )=-SYU 

lFIJl.ijT.NGulbtYUlII)--iYL 

IFIJI.GT . HGo)SSLYL( I  ll=— SSYLL 

IFIJ1  .GT  .NGGIjSLYLLI  I  I  I  -  -Si YL 

PY  L - PH  Y  L ( I  I  J 

PY  U  =  PH  YU  I  I  I  ) 

IFIJI.GT  .NGG )PHYLIII)  =  “PYU 
IFIJI.GT.  NGG) PHYG l I l I =~PYL 
VYL=VT YL (II) 

VYUt  V  T YUI 1  I ) 

IF  I J 1 .GT  .NGG) v  T  YL (  I  I ) =  -VYU 
IF l J l .GT .NGG) V  TYUl  1 i  ) =-VYL 
KE  TUP  N 
ENU 

G 

c 

c 

SUtSKUUTINE  P/ilAR 

01  MENS  I  UN  XI  700)  ,  YLI  1 00  i  ,  YUI  700)  ,WL>I  70u)  ,  XPK  I  1 00  )  ,  XPL  l  lOO)  , 

GSLTRl 100) »  SL  TL  ( If  0  I , PhL I  100 )  ,  PHK ( 100  I , V  TLI 100 ) , YTkI 100) , At  700 ) , 

LSI  7001  ,P AOUI 100 > .PAUL ( TOO) ,V 1 AU I  100) >  VI ALl LOO ) *  SL YUI 100) tSLYL I  1001 
C.PHYL 1100) ,PHYU( TOO) , 7TYL I  100) , YTYUII001 ,SSLYl  ( 100)  ,  SSL  r  LL  UOO  ) 

C, SSLTK 1100) f SSL  I  LI  TOO ) .SSLLTL I  100) .SLTLLl 100  I 
CUMMUNX, dMwUt JLAM,YL,YU,«U|1, J.NG.NGG.XPR.XPL. J J » i I , SL I P , SL IL  , 
GPHL.PHR, VTL.VTK, A , S , NCTR , PADU . PAUL . VI AU. VI AL . jLYJ.SLYL ,  PHYL. PH YU, 
LVTVL.V TV U.JI.jSLYL, SSLYLl  , SSLT k , SSL TL , S SLL TL , jL  ILL 
W=DLAH/4*ULAM/4.*.4 
SLTl  1  l  I  ♦  Ng  a)  -  X  I  l )-ULAM/d.-./*0LAM/4. 

SL  IK  (  I  I  *MGG)  =X  I  l  )-i)L  AM/ 4.  ♦  ,p*UL  AM/ 4. 

SSLTM  II »NGG )  -  SL  T  L  I  I 1»Ngg>*« 
iSLTL  I  1  l  *NGG)  =  SLTKl  l  I  *•  NGG  )  -w 
SSLLU ( I  1 ♦NgG) = SSL TLI 1  I ♦NGG) 
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b 

b 

c 


SL 1LLI t l*NGG)-Sl 1 lI i 1*Nog) 

Phis  (  11  Hw(,l=  XI  l  ) -GLAM/ 4.  1*l)LAM/4. 

Phil  I  l  +NbG)=PrtKl  I  l+^bt«»-»!'iG-1.1^5>*L)LAM 

V  IL{  I  i  *i\|„G  )  -  ( P  HK  (  I  l  *NGb)  *!‘HL  (  I  I  »NGG)  )  /<I.-DLAM/4. 

VI  K<  I  I  +  NoG)  -  VI  L  <  i  i  ♦JyGG  )  *L)LAM/2. 

Gl  YUl  I  l«-UbG(  =  <-LtM„U*/.0*0LAM 

SL  Y  L  I  1  1  *•  i-JviG  )  -  .0  7  5*  Lit  AM 

S  S  L  Y  L  <  I  1  tiVGG)  =  <  SLYUC  1 1  *NGG  I  +  SL  YL ( I  1  FNGb)  )/  £.  *■*/ 2. 
SSI  V  L  L  (  1  IfN^G)  =  iil  YL  (  t  WNGG)-W 
PnY  L  l  l  I  +wGG  |  =  rt.“UiJ  *  1 . 4*l)LAM 
PH  1  U  t  I  I  «-i\GG)  =  bf*Wi)«-<i  .0  5*ULrtH 
Vi Yl I  1 i flGG) =OM*U*/.*uLAM 

I  F  t  Hb.tO.  I  I  V  I  YU  i  1  +  NbG)  =  i>MwJ»l  . 4*uLAM 
VTYJtll*NGu)=i)MwCH-2.7S^.*DLArt 

SLL  =  SL  IL  l  l  i  «-NuG  ) 

>Lk=SbIKllI*-NGGl 

IF  (J 1 .GT  .NGG)SLTLl  11 ♦  NGu) -SLK-l.4*0LAM/4. 

IF  I  J  I  .  GT  .i‘IGG)  it  T«(  1 1  <-NGGl  =  SLL«-l-4*DLAM/«». 

[FIJI  .GT.MGGI  iitfLI  l  1  »NGG )  =  SL  T  K  (  i  1  «-NuG  1  -* 

IF  {  J  l  .ul  „wGI  SSLTk  (1  1FNGG)=SLIL(  l  l  *-NGG)«-w 
IF  !  J  I  .GT  .  .Gu  I.ihtl  rt  (  1  I  ♦  *Go)  =  SL  1 K  1  1  I  faiGG) 

If  I J I .bT .  ib  ,) SL ILL  I l I *NGbl =iLlLlil  »NGG  > 

SYU- SL  Yu  I  l  I  *-Nbu) 

SYL-sl.  Ft  I  1  I  ♦  Nbb  ) 
i i Y  L  i it  Ft  I  I  I  ♦  Nbu) 

SsYLL=SSLYLL(  1  lFINoot 
IF  I J l . Gl ,NGu)S$L YL (  I  l*n.ob)=-SSYLl 
IF  <  J  I  .GI  .CuGG)  SSL  YLL  I  1  1  ♦.MUG)  =-SSVL 
IF  I  JI  .GT  .NbbI  it  YU  1  I  ♦Nbu)  --SYU 
IF  I  J  1  .  31  .flG ^ )  SL  YU  (  1  I  »NGG  )  =  -SYL 
PYl-PHYL  (  I  I  +i\jb» 

PY  U-PM YU  l  1  I  *-NbG  i 
IF  1 J 1 .GT .MGG1PHYL  U !♦ 4GG) =-PYU 
IF  (  J  I  .GI  .NGbi  PHYU(  I  I  ♦fFbbl  =  -PYL 
VYL  =  VT  YL I  l  I  HVob) 

V Y  U=  V  T  YU  I  I  I+.'Mbb) 

IF  (  J  1  .GT  .NGG)  V  TYL  (  I  I  *iwG  »  =  -V  YU 
IF  I  Jl  .GT.iVGGJ  V  TYbl  I  1  *NGu)  =  -  V  Y  L 

II  =  l I f  1 
kF IUKN 

t  hU 


SUGKUUriiMt  GkFINb 

UI  MtNSiUiV  X  (  7001  ,  YL  I  7001  .  YUl  700  I  ,  WO  t  700  )  , X Pk I  1001  ,  XPLI  i00»  , 

GSt  TK (  100  )  , St IL(  100  I , PHLI  100 J ,PHR<  100 ) »  V  TL 1  100) , VTK I  100 ) , A  I  7 JO ) , 

GSi  70  0)  .PrtOUl 100 ) .PAUL l 100  I , V  I AU ( 100 ) ,V 1 AL 1 100 ) , iLYUI lOu ' , SLYL ( 100) 
b ,PHYL ( 10 : ) , PHYUI 1 00 I , VIYL ( 1001 . VTYU 11001  .a SLYL l 100) .SSLYLLC  100 ) 

L, SSL  Ik  1100  )  , SSL IH  100 ) ,  iSLLILI 100)  , SLTLLl 1001 
LUMMUNX  , bMrtO.ULAM.YL  »  Y  U  »  *  J  ,  1  »J*(\iG»NGG*XPK»XPL»JJ»  I  l»bLIk»sLIL| 
bPHL , PHK, VTL, V  Tk , A, b.NCTK, PAUU.PAOL, VlAU. VI AL , SL YU. SLYL ,PHYL .PrIYU, 
bVIYL.VlYU,  JI,S  SLYL  ,S  SLYL  L.SSLIK.SSLTL.S  SLUl.SL  ILL 
X ( 1 ) =0. 

00  10  .4-1,4 

Xlll  =  X(|-l)FULAi'1/7. 

YUl  I  )  =  BMw()F/.*  OLAM 
YL ( I ) =- YUl I ) 
w;J  (  1  )  -  !)l  AM 74. 


r  o  r 


i=i+i 

10  CUM  INUfc 
R£ f  URN 
END 
l 

c 

SUBROUTINE  fc  bF  1  NG  1  lU.)  t  NG ) 

0lME.,SluN  A  (700)  ,YL(  700)  ,YU1  700  ),„[)(  700 )  , XPR 1  100 )  , XPL 1  10))  , 

CSL  Tkl  100)  ,  jL  Tl  1  100)  ,  PHL  (  100)  ,PHKl  100),  vTL  l  100  )  ,  VTRl  100  )  ,  «t  700  )  , 

Ci(  70  0)  ,PADU(  100)  ,  PAUL  1110)  ,  vlAJl  100  )  ,V  IALI100  ,  ,  SLYUl  100)  ,  jLYLl  100) 
C.PHYl  l  100)  ,PH>  JllOl)  )  ,  V  IYK  100)  ,  V  TYUl  IOC)  .SSLYL  <  100)  ,SSLYlL(  100) 
SsLTK  (  1  00)  ,  SSL  TLl  100  )  ,  oiLLIU  100)  ,  SLTLL1  100  ) 

CU MM  JN X  ,  t)M ni)  ,  UL  aM  ,  YL  »  Y  v) ,  >«U  ,  l  ,J,NC,NGC,XPK,APL,  JJ|lli)LTi\iSllLi 
CPHL,  PHis,  VI  l  ,  VTk.  A,S,NlTrt,PAOU,PADL  ,  V  I  AU.  V 1  AL  ,  Sc  YU  ,  SL  YL  ,  Prt  Yl  ,  PH  YU, 
CVT  Yl  ,  V  TYU,  Jl  ,:>SLYL,  3  31  7LL ,jsLTR,SSLTL,iSLLlL,SLILL 
HR1M) 

3  FjKMMTllFfEOX,1!— oLAM  ’  Ml  A  FCK  TRANSDUCcR  FINuLRS1) 

IF  (  l  J.E^.l  JPUnCHS 
M=  I  +  1 

OU  7  L  =  2  ,  H 
X l l- l ) =X (L ) 

YU(C-1 )=YU(L) 

YL (L- 1  )  =  Yl  (L  ) 
hl)  1  L  -  L  )  =  ni)  1  L  ) 

7  ION  I  1  lUE 
K  =  1/2 
w 1 =01 A  M/  4 . 

UUfc  1=1,1 

IF („D( L) .1 j.«l ) «U(l ) =1  iNu 
6  CU  NT  1  fJUE 
00  10  L  =  l  » Is 
M=2*L- l 
N=2*l 

XI =X(M)-„U(M)/2. 

X2=xlM )+Wt)(M)/2. 

X3=X( NI-WUiN) /2. 

X4  =  X  l  N)  +  rti)  (  M)  /2  . 

PRINT  20  ,  M,X1,YHM),X2,YU(M),X3,YiIN),a4,YU1iyI 

IF  (  1 o. bU» 1  )  PUNCH21  ,X  1,  Yll M) , X2»  YU1M) , A3, YL(N)  , x4, YUlN) 

10  CONTI  NUF 

<:0  FORMA  I  ( In  ,l5,,(,,f7»i,,,,»)/.i»*)RECT(,,F7.3,,,,,F7.3,,);(', 
XF7.3,*  ,F  7.3,* )HLCT(',f  7  •  3  ,  •  »  • ,F  7.3,' )' ) 

2  1  FORMAT!  *  I  •  ,F6. 3,  •  ,  1  ,Ft>.  3,  •  )hECl  1  •  ,Fo.3,  '  ,•  ,Ft>.3  ,  •  )  ;  1  '  , 

xF6.3t,,',Fo.3,,)kECT(,,F<,.),',*,P6.3,,)'t 

kE  TURN 
ENO 


SUbKUU  T l  ot  GBF  I  NG (  IU,F IMG, RED) 

uIMENjIuN  X  I  700)  ,YL(  700)  , YU( 700) ,„DI  700) , XPk 1  1  )0 ) , XPL 1  100 )  , 

ISLTRI lOO) • jLTLl 1001 • PHL1 100 ) , PHK l 100 ) , V TL 1 100 ) , VIM  100) .«(  700  )  , 

CS(  700 )  ,PADU< 100) .PAUL ( 100 ) , V 1 AU < 1 00 ) , V 1 AL ( 100), SLY U1 100)  ,  .»L  YU  100) 
C ,PHYL l  100)  , PHYUl 100 )  ,  V  TYL (  100)  ,V  TYU( 100) , SSL YL (  lOO)  , 3SLYLL1  100) 

C,  SSLTR  1100),  SSL  IL(  100)  .SMITH  100)  ,SlTLLl  100) 

CUMMUNX  ,  t)MwO,DLAM,YL,YU,rti),  1 , J , NG ,NGU , XPR , XPL  ,JJ,ll,SLTK,SLlL, 

CPHL , PHR, VTl , VTR, A, S.NCTk, PAJU ,PAOL, V  I AU, Y l AL , SL YU, SL YL ,PH»L ,PHYU, 
CVTYL.VTYU, Jl , S S L Y L , S SL > LL , iSL I R , SSL TL , S SLL TL , SL  TLc 
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Jk Utrnm 


r 


i 


P  il  i  N  I  S 

b  PUKMA  1  (  in.  POX  ,  •  GLtvolk  JAlA  L  UK  I  KANlUUCfcK  F  i  NGt  k  S  *  I 
lF41u.tU.3i  PUNChb 
&Kb=10.*KfcU 
M=I  +  1 

Du  7  1=2, rt 
X4  L-l ) =XCL  I 
YU4L-1 )=YU(L) 

YL(L~1  )- YL  4  L  I 
Ml) 4 L-l  I  =nU ( L  ) 

7  C.UNI  INut 
mI-JLAM/h. 

*  i= 3. * UL X«/K . 
lMi*=MJ*l\tU+l.l 
l  W  A=  1  m  A  *  10 
l)Uo  L  —  1  t  4 

IK  UJl  L  )  «0(l  l=F  IWG 

l r 4 *0 ( L ) • t U» m3 )  Mu(l)=1wA 

<>  UM  iNUL 
n  -=  1  /  P 

JU  10  1=1, K 
M- P*L-  1 
i»=7*L 

I  rl  - X  t  M  1  *0Kb 
1 N=  a 4 N  ) *UK  6 

I I  i  =  YL | M)*u«b 
I U 1  =  YU  4  M )  >r.Kb 
IL  <!=  YL  (  i'l|Ku«D 
IUP=YU4N)*Uko 

Mm  - n  J  i  .M  1 
Nm  =  ML)(  Ml 

PK  [  iMT  iO  ,M,  Mir, .  1«,  I  11  ,  IH,  IUI 
PkINI  30  ,  N  ,  N»  ,  i  N  >  i  UP  ,  1  N  ,  I  l  2 
lKUU.fcU.3l  PuhCM  ll.Mm,  13, ILl  ,  4M,  1U1 
IK  (  IU.EU.3i  PuimLH3  1  *  Nm  ,  1W»  I  UP  »  IN,  l  L2 

10  CUMlNUt 

iC  KURMAKIH  ,  1 1>,  3X,  •  L  IN  •  ,  jK  ,  i  b  ,  f  X  ,  4  i  7 ) 

11  KUkMAT 4  i  Ox , • L l N  •  ,  SA ,  16,  7X , A l 7 ) 

Kfc f  UKN 

tNU 

L 

L 

L 

iUbKUU  1 1  Nt.  ttKuNUul 

JIMLNSluN  X  (  700)  ,  YL  i  700)  ,  YU1  7O0),«U(  700)  ,  XPk  U00  )  ,  XP  Li  1 00  )  , 
c  SI  IK  HOP)  ,3L  IL  I  100 ) ,PhL( 100 ) ,PHK4 100  I , V  I H  100 ) , V IK (  IOC  I  ,  A l  700 )  , 

L.U  7  Oil  )  ,  PAuUl  100  )  ,P  AuL  (  100)  ,  Y  I  AU(  100  )  .  V  I  ALI  100)  ,  cL  YU  1100)  ,  SLYL  I  ICO) 
- . PHY L  4  100) , PHY ui 100  > , Vi YL  4  ICO ) . V ! YU LlOO I , SSL YL i 100) , SuLYLL l  100) 

L,  SiL  Tk  (  1  00  )  ,  SSL  III  HO  )  ,  iSLL  I  L  l  100  )  ,  sLTLL  (100) 

ULlMHONX  ,  b*„U, UL AH,  YL  ,Yu,rtU,l  ,J,NG,NuU,XPK,XPL,JJ,lI  ,  lLIK,jL)Lt 
tPML , PhK , VTl  ,  VlK  ,  A,  :>  ,NCTK,PAUU,PADL  ,  V1AU,  Vl  AL  ,SL  YU,  SLYL  ,PHYL,PHYU, 
LVt YL , VI YU. Jl .liLYL, oSLYLL ,  iSLlK,SSl IL  » SSLL IL , SL  ILL 
PK  I  N  I  1 

l  )  UkHaI  4  1  Hi  ,70a  ,  •CUimNLL  I  INo  bAKS  FUk  PHASE  P  FlNuLkS’i 
IK  4  11).  h.j  .  1  )  PUULm  I 
L  =  Nl.G*  2 
UU  2  K=  1  ,  l 
IK  I  NO.  Id.  H  ,U  li;  1 

IP  4  lU.Lw. 1  1  PUNCH  P 1  ,PHL  4  K i , PHVL  ikl  •  PHR4K4  , PMYU4 K) , VI  Li  lO  ,  VI VL<  K)  , 
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in....,  Ti«mrn«— UrulK.i^.. 


f 


cVTRliO  ,  VTVUIK) 

PKiNI20,K»PliC(K),  PHYl  <  r.  )  ,  PUK  t  X  1  ,  PHYUIM  ,  VTLlKl.VlYLOU.VlklM, 

CVl  YU1M 
3  CO  N  f 1  NUf 

1  F  (  Nta  .tO.l  Ir'KlM  10  *  K. ,  V  I  L  I  k  I  , V  T  YL l k 1  ,  V  1  K  (  K  )  ,  V  T  Y  J  (  K  I 

IF (NG.EU.  I  .mNu.  IU.Ew.  1  /PUGCH1 1  ,  VTLlM,VIYLlK),VlklK),VTY  Ilk) 

PRINT20.K,  St  T  L  <M  ,  SLYL  <k)  ,  astl  k(K)  , SSLYL  IK)  ,SL  TLLIK)  ,SSL  «LUK)  , 

C  SSLL1 L  (M  ,  SaL>  L  i  K ) 

PRINT  1  >3  ,  K  »  SLIk(K),SaLYLLlR)  tSSLTL(K)  , SL  YU( K I 
It  < IU. CU.i  1  PUN  LH2  L  t  St  ItlK.)  ,SL  YL  <K)  ,  SSLTklM  ,  SacYLIK)  * 
CSLTLL(K.),3SLYlL{K),a3iLTL<R),a3LYLlK) 

IF  l  IU.  tU.  1  1 1’uNCHli  ,  aLlk  (  Kl  ,  aSL  YLLl  K  I  ,  SSL  IL  Ik)  .  jL  YOU) 

2  oONTlNUl 

10  F  Ok, -1  AT  (1H  ,lS,,l,,F7.af,,,,F7.3,,)KtCU',F7.a.1,',F7.3,,),l 

1 1  F 0  KM  A 1  (  ' (  •  ,  f o. i, •  , 1  ,F 6. it  * IRtOT 1  *  ,Ft>. i,  <  ,  •  ,Fb.  3  .  •  1 *  1 

2  0  FORM A I  (  LM  ,[3,,l,,F7.3,*l•,F7.3,•IReCT<,,F7.;>,■,■,P/..A,•);l•, 
AF7.3,‘,,,F7.3,')RtCI(,,F7.1,‘,,,F7.i,*)'l 
21  f-UkMAI  (  •  (  •  ,  ho.  3,  •  ,  •  ,F6.  3,  •  IkEU  1  *  ,F6.3  ,  *  ,  *  ,Fb.3,  •  )  i  i  •  , 

xF  6 . A  ,  •  «'  il  (>.  j  i  1  1  RFC  T  1  •  ifb.Jt' ,  '  » Fo • 3# '  1  '  ) 

2  2  (  U  KM  A 1  (  ,('^Fo.>*'^*«F6.3|,lHaCAN^*,*Fo.3^,<,,^6.J»,»,*Fo.a,,l,) 

23  FORMAT  (10  ,1‘j,  •  l  •  ,F  7. 3,  •  ,  •  ,F  7.  i,  •  IHSIAnT**  ,F  7.3,  •  (  •  ,F  7.  i,  •  ,  •  ,  r  7.3 
A  ,  '  )  '  1 
k£ T Ok  N 
tNO 
C 

c 

c 

AUtlRUu  rtNf.  „RCUN  (  1J,F I NO,kEb) 

J l Ml  NS  l ON  XI 700 J  ,YLl  700) ,  YU<  700),rtO<  700 1  , XPk < 1 00 ) , XPL (1 O' 1 , 
oSL  Tkl 100) ,SIIL (100) ,PHL l  K  O  )  ,  PHa  <  100  )  ,  v  I  L  1  100  I  ,  V  Tk  1  1 00  ) , ..  <  700  )  , 
bSl  7 001  i  P  A,)u  (  100  1  r  P  AdL  (  1 . •  0  )  ,  V  l  AO  (  1 10  1  ,  V 1  AL  U 00  1  ,  a L  Y  J  (  1 00  1  ,  a  L  YL  1  l u  0  1 
C  ,PhYL  1  1001  ,PHYJ<  1001  ,  VTYL  1  100)  ,  VIYul 100)  .SSL YU  ICO!  ,  sSLYLl  (  100) 

C,  SaLTK  IIO'I )  ,  SaL  IU  100  I  f  ail  11  Ll  100)  f  aL  Til  I  100) 

LU  MMC  NX  i  3M»,,JfuLAM»  Yl  »  Y  u  ,  w .)  «  1  fJ,NG,NGG,AFR,XPL,JJ,l  ),3LlK,SLlL, 

CPHL  ,  PHK,  Vll  ,  V  I  K  ,  A,  a  ,NU  K  ,  PAOJ.PAUL  ,  V  UlJ,  Vl  AL,  SL  YU,  SL  YL  ,PmYL  .PPlYd, 
CVTYL»VTVU,Jf,a3LYl,aGL'iLl,aALIn.,SaLlL,jaLLTL,aLTLL 
PR  INI  1 

1  F URM a!  ( 1 rtl , 20  A , • CUNNEC  T l N a  o  Ak  a  F  UR  PMA  a  L  2  F  1  NuLkS  1  1 
IF  I  ICl.fcO.  DPUNChl 
GK  0-10. *KclJ 
IF ING^t 1 NG 
I «=.6b*0LAM«ktU 
U  =  I„*10 
L  -  iNluG  *2 
00  2  1  ,L 

l  SU=bl YU( X ) *GK  B 
1  at  =  SL  YL  (X  )  *Gk  !l 

I  V  FI  -  1  I  PHY  J(K)*PHYL(K)  )/2.)*Gkb 
I  VL  =  VI YL (X ) *Gkb 
IV  d=V  r  Y0( X  ) *Gkd 
IXV-lvlLlX ) ♦ V  I k ( K)  )  /  2  •  *  G  k  d 
I  SXL  =  1 aL  Ti  ( x) +UL  AM*  .  lb ) *Gku 
IS Xd=( SLTk(K)-ULAM*.lb)*GKB 
£  HXk=  (  PHk  (  K  )  —  .  2  5  * Ot  AM  1  * Gk  l> 

IHXL=  l  PHU  K  1  ♦.  2b*0LAM)  *uRu 
PRINT  20  ,  X  ,  lw  ,  I  XV  ,  l  VL  ,  1 XV , 1  VO 
IF( lO.fcO.i ) PUNCH  21'in.lXV,iVLtlXVt(VU 
>  PRINT  20  »  k  *  1  w  , I HXR# lYh, IHXL , 1 YH 

lFlIU.tw.il  PUNCH  21,  I*  ,  li<AK  ,  I  Yrt,  IHXL#  1  YH 
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Pk  INI  21  ,K  ,  IF  I  Nu,  I  5  U  •  I  SL  ,  1  >XU,  l  iU 

II-  l IJ.lG. 3)  PUNCH2  1 , 1 H  NO, I uXL , 1SL, 1 sXU, 1 SU 

2  CUNIINUE 

20  I-OkOAI  (  lh  ,  1  j  ,  j  A  ,  •  L  1  N  ,,iXlio,/xl4l7l 

21  FORMAT  (10X**LIN  •  ,5a,  16, /*, 41  7) 

HE  I  JRN 
HMLi 


SUtiROJlist  HuPAJllul 

Ui  ML  Hi  loN  X  (  7C0)  ,  YL  (  TCOi  .  YJI  700  )  ,rtU(  700)  .XPRliO  J)  ,  APLl  IC'O)  , 
v.  si  t  120  )  ,  SI  r  l  I  100  1 ,  PhLI  100)  ,  PHR  (  1 00  1  ,  V  I  L  1  100  1  ,  VT  R  I  1 00  >  ,  A 1  7C01  , 
l  j(  7'~  0  )  ,  PALI  Ul  100  1  .HAUL  (  100  )  ,  V  1  AO  l  100  )  ,V  I  AL1  100  )  ,  SLY  J(  lUO)  ,  SL  YL  l  fOJ  I 
C  ,  I'riY  t  (  mil  ,  PhYuI  1001  ,  V  1  YU  1301  ,  V  TYUl  100*  ,SSLYL  l  100)  ,  SSLY  LL  (  100  ) 
l  ,  jSi  TM  1  GO  )  ,  Ail  11  <  100  I  ,SSLtIL(  100)  .SLrLU  100) 

C  J  M  'iw  ,  X  |  tO’i  n  D  ,  U  t  A  M  ,  YL  ,  Y  0  ,  „  0 , 1  ,  J  ,NG,NoU,XPR,  X  P  L  ,  J  J  ,  1  1  ,  s  L  T  K  ,  S  L  II, 
lPh!  ,  Oik  ,  VlL«V)k,A,S,  VLTR»PAUJ,PAL)L,ViAJ,ViAL,SLYj,SLYL,Pl1YL,PhYu, 
luI  Yl  , v I  YU, J I , SSL YL , sSLYLL , SSLI K,SSL  TL, SSLLTL.SL ILL 
P  K  1,1  1 

1  I  i  a  A  A  I  (  1  n  1  ,  20  A  ,  *  l>><  u  Ji  4l)  P  mL)  S  #  I 

li  (  io.l  „.  i )  punch  i 

J  J  J  -  Y  v.'  '  J  Y  1 

J  J  1  U  K  -  1  ,  J  J  J 
J  =  .*x-  1 
L  =  2  *  X 

Pn  IN!  20  ,  J  ,  A  PL  (  J  )  ,  PAUL  (  J  1  ,  APR  (  J  )  ,  PAlf'l  1  J  1  ,  A  PL  1  L  1  ,  P  AuL  (  L  1  ,  XPk  l  L  )  , 
CPAOU ( L ) 

IFIIU.ls.IIH JNLH21  ,  XPL I J)  ,PmJL l J)  , APR  1 J 1  »PAUU1 J ) , XPL I L ) , PAUl  I L )  , 
LAPr(L)  fPAOU(L) 

10  Cl,  I  ,  I  1  Nut 

lC  f  jKMsI  till  1h,'lM/.jf',,,L).j1'lKtLIIl,H7.j,',',f7.j,'lil'I 

*F I.  .  F  7 .  J «  '  )R tC I  ('*F7.),•,,,F7•)»,),) 

a  IJrM»I<  • C * , Po. 3,*  ,*  ,F o. 3, • IktCT l •  ,H>. 3  ,  •  ,  •  ,f o.3,  '  I  ;  1  •  , 

APcY.i,,,,,l0.3,')kLtTl,,P6.J,',,,f6.3,,>') 

Pk  I I  2 

2  Pl)KIAlllHO,20X,'VlArtULfcs  H  ilk  TKANSUULtR') 

IF  (  I  l,  .  cw  .  I  ),  UNlH2 

ju  is  x- i , j  j j 

J  =  2*is-  l 
L  -  2  *  K 

Pk  INI  20  ,  J  ,  API.  1  J)  ,  V  1«L  I  J  )  ,  XPKl  J  )  ,  Vl^ul  J)  ,  APL  I  L  )  ,  VI  <xL  l  L  I  ,  XPr  U)  , 
lV  I  A  J 1 1  ) 

IF  I  1  l.EO. I ) PUNl  H2l  , APL  ( Jl  , V  I *L (  J)  , XPKl J|  ,  VlAJ<J),APllLI,Vi«L(L), 

C  XPR  I  l  )  , V  I AUlL ) 

15  CO  N  T 1 NllE 
k i  turn 
l.  N  J 


SUiiR  UkJT  I  Nt  or  P  A  )  (  lu,F  lNo,Ri  J  ) 

Jl  31  NS l UN  XI  /001 ,YLI  700) ,YU(  700), nUI  700)»APR1  100)  , XPL I  100)  , 

Oil  Ik  I  100  / ,  sL  It  I  103)  ,  PML  I  it  •))  ,  PHRJ  100)  ,  y  ILI  100)  ,  VI  R  I  100)  ,Ai  ICO  )  , 

LSI  700  I  ,  P  AJJl  lOo)  ,P.*JL  1  100)  ,  VI  A  3(  100)  ,VI  ALl  1001  ,  SLYU1  100)  ,SL  YL  I  1001 
C  ,PHYl  (  1001  ,  PMYiM  10  0  )  ,  Vl  YL  11  CO  )  ,  V  1Y0I  100)  ,Si»L  YL  l  100)  ,  _>  SL  Y  L  L  I  100) 

C , S >1 Ir( l 00) , SSL ILI 100) ,SSLL I L I  130) , SL1LLIIOO I 
LIIMMUNx  ,  OMw  J  ,  JL  AM,  YL  ,  YlJ,  mJ,  I  ,  J  ,  NO,NOG,  XPK,  XPL.  J  J,  l  l  ,  SLlK,  SL  IL  , 

LPH1  , PHk,  V  I L  . V  I P  , A ,  JpNCI K , PAUL , PAUL , V  I  AO , V 1 AL ,  SL Y J, *L  YL  , P HY L , P MY  0 , 


oVTYL»VTYU»Ji ,SSlYL,iSLYLL,SSLl R , SSL T L , SSLL T L , SL  ILL 
PRINT  1 

1  FORMAT ( 1M1 ,20A , 'PADS  FUR  PHAiL  1  FlNobRS') 

IF  I  IU.E  0.  i)  CLINCH  1 

Gkti  =  10.*RE0 

ID Y  =  GRti 

l  VY=  10Y*.8b 

IF IN=F INo 

JJ  J- ( NGG+1 J  *2 

DU  10  K=  1 ,  J  J  J 

I  YPL  =  PAUL ( K) *U  KU 

1UX=(XPR(K)-aPc(K))*GRU 

1XP-XPL l K) *Gkb 

PRINT  20  » K  ,  It  IN,  lUXi  I  0  Y  * IXP* i  Y  PL 

I f  < io.fcw.3 I  Punch  2 1, if  in, idx, idy,ixp,Iypl 
10  CONTINUE 

20  FURp-tATUH  » 1  S ,  b X ,  *  REC  •  »  6X  ,  16,  *t  l  7 ) 

21  FUrHAT UOX, *KtC' ,6X, 16,41 7) 

PR  I  mT  2 

2  FUR-1AT  (1H0.20X  ,  •  VlAHULtS  FOR  TRANSDUCER') 

I F ( l U. Eg. 3) PUNCH  2 

DO  lb  K=1,JJJ 
lYPt_=VIAL(K)  »oKd 
IDX-IXPRIK  J-XPLIK)  )*OKB 
1 XP= aPL( K) *GRB 

PRINT  20,  K,  I  FIN,  1DX,  IVY,  IXP,  1  YPL 
IF  (  l  U.EU.  J)PJ,MCH2l  ,1FIN,  IDa  ,  1  Vi  ,  I  XP  ,  I  YPL 
lb  CUNI  INUt 
RETURN 
END 
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ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
MANDATORY  CONTRACT  DISTRIBUTION  LIST 


101  Defense  Technical  Information  Center 
ATTN:  DTIC-TCA 
Cameron  Station  (Bldg  5) 

012  Alexandria,  VA  22314 

203  GIDEP  Engineering  &  Support  Dept 
TE  Section 
PO  Box  398 

001  NORCO.  CA  91760 

205  Director 

Naval  Research  Laboratory 
ATTN  CODE  2627 
001  Washington.  DC  20375 

301  Rome  Air  Development  Center 
ATTN:  Documents  Library  (TILD) 

001  Griffiss  AFB,  NY  13441 

437  Deputy  for  Science  &  Technology 
Office,  Asst  Sec  Army  (R&D) 

001  Washington.  DC  20310 

438  HQDA  (OAMA-ARZ-D/Dr.  F  D.  Verderame) 
001  Washington.  DC  20310 

482  Director 

US  Army  Materiel  Systems  Analysis  Actv 
ATTN  DRXSY-MP 

001  Aberdeen  Proving  Ground,  MO  21005 

563  Commander,  DARCOM 
ATTN  DRCDE 

5001  Eisenhower  Avenue 
001  Alexandria.  VA  22333 

564  Cdr.  US  Army  Signals  Warfare  Lab 
ATTN  DELSW-OS 

Vmt  Hill  Farms  Station 
001  Warrenton.  VA  22186 

705  Advisory  Group  on  Electron  Devices 
20 1  Vanck  Street.  9th  Floor 
002  New  York.  NY  10014 

579  Cdr  PM  Concept  Analysis  Centers 
ATTN  DRCPM-CAC 
Arlington  Hall  Station 


001  Arlington,  VA  22212 

602  Cdr,  Night  Vision  &  Electro-Optics 
ERADCOM 

ATTN:  DELNV-D 
001  Fort  Belvoir,  VA  22060 

603  Cdr,  Atmospheric  Sciences  Lab 
ERADCOM 

ATTN.  DELAS-SY-S 

001  White  Sands  Missile  Range,  NM  88002 

607  Cdr,  Harry  Diamond  Laboratories 
ATTN.  DELHD-CO.  10  (In  Turn) 

2800  Powder  Mill  Road 
001  Adelphi,  MD  20783 

609  Cdr.  ERADCOM 

ATTN:  DRDEL-CG.  CD.  CS  (In  Turn) 

2800  Powder  Mill  Road 
001  Adelphi,  MD  20783 

612  Cdr,  ERADCOM 
ATTN:  DRDEL-CT 
2800  Powder  Mill  Road 
001  Adelphi,  MD  20783 

680  Commander 

US  Army  Electronics  R&D  Command 
000  Fort  Monmouth,  NJ  07703 
1  DELET-MQ 
1  DELEW-D 
DELET-DD 

DELSD-L  (Tech  Library) 

DELSD-L-S  (STINFO) 

20  DELET-MA-A 
1  DELLI-MF 

681  Commander 

US  Army  Communications  R&D  Command 
ATTN  USMC-LNO 
001  Fort  Monmouth.  NJ  07703 


ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST 
(ELECTIVE) 


103 

Code  R123,  Tech  Library 

475 

Cdr,  Harry  Diamond  Laboratories 

DCA  Defense  Comm  Engrg  Ctr 

ATTN:  Library 

1800  Wiehle  Ave 

2800  Powder  Mill  Road 

001 

Reston,  VA  22090 

001 

Adelphi,  MD  20783 

104 

Defense  Communications  Agency 

477 

Director 

Technical  Library  Center 

US  Army  Ballistic  Research  Labs 

Code  205  (P.  A.  Tolovi) 

ATTN:  DRXBR-LB 

001 

Washington,  DC  20305 

001 

Aberdeen  Proving  Ground,  MD  21005 

206 

Commander 

455 

Commandant 

Naval  Electronics  Laboratory  Center 

US  Army  Signal  School 

ATTN:  Library 

ATTN:  ATSH-UD-MS-E 

001 

San  Diego.  CA  92152 

001 

Fort  Gordon,  GA  30905 

207 

Cdr,  Naval  Surface  Weapons  Center 

422 

Commander 

White  Oak  Laboratory 

US  Army  Yuma  Proving  Ground 

ATTN:  Library  Code  WX-21 

ATTN:  STEYP-MTD  (Tech  Library) 

001 

Silver  Spring,  MD  20910 

001 

Yuma,  AZ  85364 

314 

Hq,  Air  Force  Systems  Command 

507 

Cdr,  AVRADCCM 

ATTN:  DLCA 

ATTN:  DRSAV-E 

Andrews  Air  Force  Base 

PO  Box  209 

001 

Washington,  DC  20331 

001 

St  Louis,  MO  63166 

403 

Cdr,  MICOM 

511 

Commander.  Picatinny  Arsenal 

Redstone  Scientific  Info  Center 

ATTN:  SARPA-FR-5,  -ND-A-4. 

ATTN:  Chief,  Document  Section 

-TS-S  (In  Turn) 

001 

Redstone  Arsenal,  AL  35809 

001 

Dover,  NJ  07801 

406 

Commandant 

515 

Project  Manager,  REMBASS 

US  Army  Aviation  Center 

ATTN:  DRCPM-RBS 

ATTN  ATZQ-D-MA 

001 

Fort  Monmouth.  NJ  07703 

001 

Fort  Rucker,  AL  36362 

517 

Commander 

407 

Director.  Ballistic  Missile  Defense 

US  Army  Satellite  Communications  Agcy 

Advanced  Technology  Center 

ATTN:  DRCPM-SC-3 

ATTN:  ATC-R,  PO  Box  1500 

001 

Fort  Monmouth,  NJ  07703 

001 

Huntsville,  AL  35807 

518 

TRI-TAC  Office 

418 

Commander 

ATTN:  TT-SE 

HQ,  Fort  Huachuca 

001 

Fort  Monmouth,  NJ  07703 

ATTN:  Technical  Reference  Div 
001  Fort  Huachuca,  AZ  85613 


ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST  (CONT) 
(ELECTIVE) 


519  Cdr,  US  Army  Avionics  Lab 
AVRADCOM 

ATTN:  DAVAA-D 

001  Fort  Monmouth.  NJ  07703 

520  Project  Manager,  FIREFINDER 
ATTN:  DRCPM-FF 

001  Fort  Monmouth,  NJ  07703 

521  Commander 

Project  Manager,  SOTAS 
ATTN:  DRCPM-STA 
001  Fort  Monmouth,  NJ  07703 

531  Cdr,  US  Army  Research  Office 
ATTN:  DRXRO-PH  (Dr,  Lontz) 

DRXRO-IP  (In  Turn) 

PO  Box  12211 

001  Research  Triangle  Park,  NC  27709 

556  HQ, TCATA 

Technical  Information  Center 
ATTN:  Mrs  Ruth  Reynolds 
001  Fort  Hood.  TX  76544 

568  Commander 

US  Army  Mobility  Eqp  Res  &  Dev  Cmd 
ATTN  DRDME-R 
001  Fort  Belvoir,  VA  22060 

604  Chief 

Ofc  of  Missile  Electronic  Warfare 
Electronic  Warfare  L?h  ERADCOM 
001  White  Sands  Missile  Range,  NM  88002 

606  Chief 

Intel  Materiel  Oev  &  Support  Ofc 
Electronic  Warfare  Lab  ERADCOM 
001  Fort  Meade  MD  20755 


608  Commander 
ARRADCOM 
DRDAR-TSB-S 

001  Aberdeen  Proving  Ground,  MD  21005 

614  Cdr,  ERADCOM 

ATTN:  DRDEL-LL,  -SB,  -AP  (In  Turn) 
2800  Powder  Mitt  Road 

001  Adelphi,  MD  27083 

617  Cdr,  ERADCOM 
ATTN:  DRDEL-AQ 
2800  Powder  Mill  Road 

001  Adelphi,  MD  20783 

619  Cdr,  ERADCOM 

ATTN:  DRDEL-PA,  -ILS,  -ED  (In  Turn) 
2800  Powder  Mill  Road 

001  Adelphi,  MD  20783 

701  MTI  —  Lincoln  Laboratory 
ATTN:  Library  (RM  A-082) 

PO  Box  73 

002  Lexington,  MA  02173 

703  NASA  Scientific  &  Tech  Info  Facility 
Baltimore/Washington  Inti  Airport 

001  PO  Box  8757,  MD  21240 

704  National  Bureau  of  Standards 
Bldg  225,  RM  A-331 

ATTN:  Mr,  Leedy 

001  Washington,  DC  20231 

707  TACTEC 

Batelle  Memorial  Institute 
505  King  Avenue 

001  Columbus,  OH  43201 


ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST  (CONT) 
(ELECTIVE) 


Coordinated  Science  Laboratory 
University  of  Illinois 
Urbana,  Illinois  61801 

ATTN:  Dr.  Bill  J.  Hunsinger  (1) 

Dr  J.S.  Bryant 
OCRD 

ATTN:  DARD-ARP 

Washington.  DC  20310  (1) 

Dr.  R  LaRosa 

Hazeltine  Corporation 

Greenlawn.  New  York  11740  (1) 

General  Electric  Co. 

Electronics  Lab 
Electronics  Park 
Syracuse,  NY  13201 

ATTN:  Mr  S  Wanuga  (1) 

Air  Force  Cambridge  '  abs 
ATTN:  CRDR  (Dr  P.  Carr  &  Or.  A.J. 
Budreau) 

Bedford,  MA  01730  (2) 

Mr  R.  Weglein 

Hughes  Research  Laboratories 

3011  Malibu  Canyon  Road 

Malibu,  California  90265  (1) 

Mr  H  Bush  CORC 
RAOC 

Griffiss  Ak  Force  Base 

New  York  13440  (1) 

Mr.  G.  Judd 
Hughes  Aircraft  Company 
Ground  Systems  Group 
Bldg  600/MS  0235 
1901  W  Malvern 

Fullerton,  CA  92634  (1  ) 


Anderson  Laboratories,  Inc 

1280  Blue  Hills  Ave 

ATTN:  Dr.  A. A.  Comparini 

Bloomfield,  Conn.  06002  (1) 

Mr.  Henry  Friedman 
RADC/OCTE 

Griffiss  AFB,  NY  13440  (1) 

US  Army  Electronics  R&D  Cmd 
CS&TA  Laboratory 
Special  Sensors  Div 
DELCS-S  (Rbbbiani ) 

Fort  Monmouth,  NJ  07703  (1) 


General  Dynamics,  Electronics  Division 
P.0.  Box  81127 
San  Diego,  CA  92138 

ATTN:  Mr.  R.  Badewitz  (1) 

Texas  Instruments,  Inc. 

P.0.  Box  5936 

13500  N.  Central  Expressway 
Dallas,  Texas  75222 

ATTN:  Dr.  L  T  Clairborne  (2) 

Raytheon  Company 
Research  Division 
28  Seyon  Street 

Waltham.  Massachusetts  02154 
ATTN:  Dr  M  B.  Schulz  (1) 

Sperry  Rand  Research  Center 
100  North  Road 

Sudbury,  Massachusetts  01776 

ATTN:  Dr,  H.  Van  De  Vaart  (1) 

Microwave  Laboratory 
W  W.  Hansen  Laboratories  of  Physics 
Stanford  University 
Stanford,  CA  94305 
ATTN:  Dr.  H.J.  Shaw 


Commander.  AFAL 

ATTN  Mr  W  J  Edwards,  TEA 

Wright-Patterson  AFB,  Ohio  45433 


(D 


(2) 


ELECTRONICS  TECHNOLOGY  AND  DEVICES  LABORATORY 
SUPPLEMENTAL  CONTRACT  DISTRIBUTION  LIST  (CONT) 
(ELECTIVE) 


Westinghouse  Electric  Corp. 
Research  &  Development  Center 
Beulah  Road 

Science  Center 

Rockwell  International 
Thousand  Oaks,  CA  91360 

(1) 

Pittsburgh,  PA  15235 

ATTN:  Dr.  B.  McAvoy 

0) 

AMES  Laboratory 

TRW 

Defense  and  Space  Sys  Group 

One  Space  Park 

215  Reactor  Bldg 

Iowa  State  University 

Ames,  Iowa  50011 

ATTN:  Dr.  It  Lakin 

(1) 

Redondo  Beach,  CA  90278 

ATTN:  Dr.  R.S.  Kagiwada 

(1) 

SAWTEK,  Inc. 

Dr.  Fred  S.  Hi ckernel 1 

Integrated  Circuit  Facility 
Motorola  Government  Electronics 

Di vi sion 

P.0.  Box  7756 

2451  Shader  Road 

Orlando,  Florida  32854 

ATTN:  Mr.  S.  Miller 

(1) 

8201  East  Me  Dowel  1  Road 
Scottsdale,  A2  85257 

(1) 

Dr.  William  J .  Tanski 

Dr.  F.  Cho 

Integrated  Circuit  Facility 

Sperry  Research  Center 

100  North  Road 

Sudbury,  MA  01776 

(1) 

Motorola  Government  Electronics 
8201  East  McDowell  Road 
Scottsdale,  AZ  85257 

Division 

(1) 

Dr.  William  R.  Snreve 

HP  Laboratories 

McGill  University 

1501  Page  Mill  Road 

Palo  Alto,  CA  943G4 

0) 

ATTN:  G.W.  Farnell 

Montreal  110,  Canada 

(1) 

D.  Chri ssotimos ,  Code  763 

Advanced  Technology  Center,  Inc. 
Subsidiary  of  LTV  Aerospace  Corp 

National  Aeronautics  &  Space 
Goddard  Space  Flight  Center 
Greenbelt,  MD  2C771 

Admi ni 

(1) 

P.0.  Box  6144 

Dallas,  Texas  75222 

ATTN:  Mr.  A. E.  Sobey 

(1) 

Naval  Research  Laboratories 
Code  5237 

United  Aircraft  Research  Labs 

Washington,  DC  20375 

ATTN:  Dr.  D.  Webb 

(1) 

ATTN:  Dr.  Thomas  W.  Grudkowski 
East  Hartford,  Conn.  06108 

(1) 

HQ  ESD  (DRI) 

US  Army  Missile  Command 

L.G.  Hanscom  AFB 

Bedford,  MA  01731 

(1) 

DRSMI-REL 

Redstone  Arsenal,  A1  35809 

ATTN:  G.J.  Rast,  Jr. 

(1) 
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Army  Materials  and  Mechanics  Research 
Center  (AMMRC) 

Watertown,  MA  02172 

ATTN:  DMXMR-EO  (1) 

Commander,  Picatinny  Arsenal 
ATTN:  SARPA-FR-S 
Bldg  350 

Dover,  NJ  07801  (2) 

A.  Kahan 
RADC/ESE 
Hanscom  AFB 

Bedford,  MA  01731  (1) 

Dr.  Robert  L.  Rosenberg 
Bell  Laboratories 
Crawfords  Corner  Road 
Holmdel ,  NJ  07733 

Dr.  Richard  C.  Williamson 
Lincoln  Laboratory 
P.  0.  Box  73 
Lexington,  MA  021/3 


(1) 


